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COMPUTER PROGRAMS FOR OBTAINING SOUND SPEEDS
FROM DIGITIZED ENVIRONMENTAL DATA

1.0 INTRODUCTION
1.1 Objectives

The planning and analysis of many underwater acoustic experiments require highly
accurate knowledge of the sound-speed structure of the ocean. The most common method
for finding sound speed structure is to take depth vs temperature data, in most cases Ex-
pendable Bathythermographic (XBT) casts, during the experiment. The XBT data are later
converted to sound speed profiles, using the measured temperature profile and salinity ob-
tained from a variety of sources.

This report presents a data flow system (Fig. 1) that uses six separate Fortran programs
which culminate in the calculation of sound speed profiles from digitized temperature data.
Six separate programs were used because it is important to be able to make decisions at key
steps in the process, to insure that values of the sound speed are reliable.

The data flow system allows the user a great degree of latitude in meeting his particular
requirements. As a whole it gives a step-by-step method for obtaining sound-speed profiles.
Starting with a data tape that has comprehensive sets of environmental (Nansen-cast) data

extracted from the National Oceanographic Data Center (NODC) files by Program SEARCHSF

[1], the user may obtain the following information.

1. A chart showing the location of each archival Nansen cast near the ship’s track, as
well as the locations of the temperature profiles supplied by the investigator. (Sec. 2.2)

2. Individual plots of the Nansen-cast data extracted from NODC tapes. (Sec. 2.3)

3. Multiple plots of the Nansen-cast profiles grouped by the user to characterized
distinct oceanographic regions. These data are also used to calculate sound-speed statistics,
mean, standard deviation, etc. of the region, and to make a depth vs average salinity punched
card deck for use in sound-speed calculations. The sound-speed statistics may be used in the
process of extending existing profiles to the ocean bottom. (Sec. 2.4)

4. A sound-speed table and plot calculated from the temperature data and from the
average salinity obtained in item 3. If preferred, the user’s salinity data may be employed
instead. Also, the salinity used in the sound-speed calculation may be obtained from T-S
curves or depth-salinity profiles. (Sec. 2.5)

The profile plots can include a plot of one standard deviation in sound speed above

and below the mean sound speeds, for comparison with the calculated sound speed. These
curves can be used to extend shallow sound-speed profiles to the full ocean depth.

Note: Manuscript submitted March 16, 1976.
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Program
SEARCHSF

Printout
- SEARCHSF Tabulated Cast
Digital Tape Information

Output
Tape

Print plat of
Individual Casts

y
Ships Track
:: e Program Program - Program
XBT Pasitions XBTCHT ARCPLT VDTSMUPT
PLOT 10" 0r 29" PLOT 10"
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Plot of Profiles SSDSDN
Six plots
per page
PLOT 10" PLOT 10"
Report Quality Report Quality
Depthvs. Depth Vs,
Sound Speed Average Salinity
Plot. Plot
Six plots Six plots
per page per page

Fig. 1 — Program flow diagram

5. The temperature profiles, plotted six to a page, having the quality for use as illus-
trations in a report. (Sec. 2.6)

6. The sound-speed profiles, plotted six to a page; and/or the average salinity profiles,
plotted three to a page. (Sec. 2.6)

Any item may be used separately or in any combination with the other items. If, for
example, the user wishes to survey a proposed area, he would use item 1, or if he wished
to use his own temperature-salinity data he would use item 4. In this report each item will
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be presented along with a description of the program used, input control and data cards
needed, Fortran listing of the program, and a sample output. All of the programs were

designed to be run on the CDC 3800 computer, but they were written with easy conver-
sion to Texas Instruments ASC Fortran in mind. Where the program output is a plot, a
digital tape is written for off-line plotting and retention.

1.2 Assumptions

All higher order sound-speed formulae require a value for salinity. While not the most
important variable, values of salinity can significantly affect the calculated value of sound
speed. The National Oceanographic Data Center (NODC) possesses an extensive collection
of Nansen-cast data. This data bank is written on digital tapes and is an excellent histori-
cal source of temperature, velocity, and salinity data from around the world.

A computer program, SEARCHSF (Search Sound Speed File), written in Fortran, has
been developed and reported [1] at the Laboratory. This program has output options of
digital tape or tabulated printout (Fig. 2), and printed profile plots, which can be used in
test cases. The digital tape of Nansen casts generated by SEARCHSF, referred to as the
SEARCHSF tape, is used as input to the system reported here to obtain average values of
salinity and sound-speed statistics of a given area. The SEARCHSF tape can have multiple

files written on it, and to when choosing program parameters care must be taken to not read
past the last file on the tape.

The tabulated printout of SEARCHSF includes a variable identified as IDENTR (Fig.
2). This variable is a record index count and is used as an input parameter in the programs
which use the SEARCHSF tape.

The depth vs temperature data must have the following punch card format.

Card 1: blank card

Card 2: profile title card

Variable Column Format Description

NUM 2-4 13 user-assigned temperature profile number
JD 6-8 I3 Julian day

IMO 10-11 12 month

IDA 13-14 12 day of the month

IHR 16-17 I2 hour (ZULU)

IMN 19-20 12 minute

ITITSSYIOND



T RANGE

t,000
.00
- 6,600
£,C00

~ --£+000

t.000
c,C00
104,237

--161,299

166,881
- 197 1'427
203,685

---302,025 -

337,329
592,407
- B14,372
- 816,604

871,391
876,941

645,426

— 545624 o

loic,384
--1p32,78%
1191 ,36%

"-137:' |'554‘

139€.371

~ 1447 ,€57-

1856 ,264

--162¢y822-

1655842

71

ST DISTLT T U MSQR TUDEGT T T
- - 48,518 - 43
100,686 43 62
S - 102,734 - - 43 72
116,895 43 61
148,103 - ---43 - -
172,021 42 69
181,641 43 62
96,047 43 81
- 169,065 43 -
: 111,993 42 89
134,096 43 92
39,912 43 91
162,462---- - 79
25,643 79 0
- - 431,104 - - 79 -
99,246 78 48
148,204 78 37
21,402 78 48
- 53,489 78 ---48 -
41,747 78 59
- 81,17t - 78----59
112,124 78 69
162,223 78 - - 69
87,310 78 77
et e 16'195._.._\_,_ ...78 e 97
89,775 78 98
soee— 126,227 - - o114 - B
73,698 114 17
116540 4140 < 5
169,612 114 28

72 - -

82~ -

2
-20

17
16
17
14
17
16
16
18
i8
13
19
ig
20
20
- 22
24
23
24

24 -

25
25
26
26
27

29

0
58
22
34
32
45
43

6
23
13

0

12

0
13
43

6
57
53
48
39
44
21
37
24
15
40

10

1
59
)

LATITUDE

ZZ 2 ZZZZ 22 ZEZ2ZE2ZZEZZEZRZZZETZZZTZZZZ

_LONGITUDE

61
62
62
61
62
59
62

61 .

62
59
62
61
62
60
60
52
57
58
58
59
59
59
59
57
57
58
514
57
55
58

]
6

13

58
38
44
49
52
22
57
n
L
o
7
54
6
39
39
20
2
25
32
58
4
30
9
22
29
24
9

Y fErFf S TS TEEXZELEEEXTEEEEEEEET EX

MONTH

AR OL INAFAPIPPFCPBRCLERCVNANRIDNERE SN

YEAR FOBDH

Fig. 2 — Tabulated printout from program SEARCHSF
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XBT probe type (ex. T5,T7) if applicable

surface temperature (C)

type of paper used in XBT recorder, if

temperature code, if applicable
Marsden square number

one degree square number

base line temperature, if applicable

salinity group number (will be fully ex-
plained in Section 2.5) "

Variable Column Format Description
*NPB 22-23 A2
*TMF 25-28 F4.1

LA 30-31 12 latitude degrees

LAM 33-34 12 latitude minutes
*LAB 35 Al Nor S
*LO 37-39 I3 longitude degrees
*LOM 41-42 12 longitude minutes
*LOB 43 Al EorWw
*NPP 45-46 A2

applicable

*ITC 48-49 A2
*MSQ 50-52 I3
*MDSQ 60-61 I2
*BLT 70-73 F4.1

IGS 77-78 12

ICOF 80 I

=0, if there is a question as to the accu-
racy of the temperature profile

=1, if the profile is good

CAUTION: Variables marked with an asterisk (*) are not necessary
for running the programs and are only included for completeness.
They may be left blank on the card.

Card 3: blank card

Card 4 to N: depth vs temperature cards

AITITSSYTIIND
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Variable Column Format Description
NOM 2-4 I3 temperature profile number, the same as
NUM

IDT(I) 5-9 15 depth (m)

TT(I) 10-15 F6.2 temperature (C)

IDT(I) 16-20 six pairs of depth vs temperature values
etc. are

TT(I) 21-26 entered on a card
ete.

Card N+1: blank card

Procedures:

Repeat cards 2 through N+1 for all profiles. This deck is referred to as the tempera-
ture profile deck.

2.0 SYSTEM ORGANIZATION
2.1 Introduction

Section 2.0 gives a detailed description of each step in the system. The computer pro-
grams are presented along with their control cards, input formats, and output options. Typi-
cal outputs are presented as examples.

2.2 Area Survey

A key step in the system presented is choosing those Nansen-cast profiles that will go
into the calculation of average sound speeds and average salinity. Of major assistance in
making these choices is a chart of the area under consideration, showing the positions of
the Nansen casts retrieved as well as the position where the temperature profiles were taken.
If preferred, a ship’s track may be substituted for the profile’s position. This is done by pro-
gram XBTCHT, which constructs such a chart having a gnomonic projection on a 10- or
29-in. Calcomp plotter.

2.2.1 Program Control Cards (XBTCHT)

TEQUIP, 1=MT,HLRO, (Title:SEARCHSF tape),DA
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JEQUIP,10=%* WO,LO,DA (Plot tape)
JFTN,LX,R
Fortran source deck

SCOPE card

7
TLOAD

2.2.2 Input Control and Data Cards
Card 1: control card

Variable Column Format Description

BOTLAT 1-6 F6.0 minimum latitude degrees (whole
numbers) South= -, North= +

DLAT 7-12 Fe6.1 increment in degrees between BOT-
LAT and TOPLAT (ex. DLAT=1.0,
one-degree increments)

TOPLAT 13-18 F6.0 maximum latitude degrees
S= -, N=+

BOTLON 19-24 F6.0 minimum longitude degrees
W= -, E=+

DLON 25-30 F6.1 increment in degrees between
BOTLON and TOPLON

TOPLON 31-36 F6.0 maximum longitude degrees
W= -, E= +

CLAT 37-42 F6.1 latitude of point of tangency

CLON 43-48 Fe6.l longitude of point of tangency

SCALE 49-54 F6.1 latitude scale in inches per degree

at point of tangency

HTT 55-60 Fo6.1 height of symbols plotted at location
of each Nansen cast and temperature
position in inches (approximately .07
in.)

A3TITSSYTIONN
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Variable Column Format Description

IREC 61-65 15 IDENTR number of last cast to be
plotted on this chart

SN 66-70 F5.1 = -1.0; Nansen casts in the south
latitude
=1.0; Nansen cast in the north
latitude

EW 71-75 F5.1 = -1.0; Nansen casts in the west
longitude
=1.0; Nansen casts in the east
longitude

NPLOTTER 79-80 12 =29; plotting on 29-in. plotter
=10; plotting on 10-in. plotter

EOF (end of file card) will terminate the
program.

CAUTION: If the value of SCALE chosen is too large for the plotter,

it will automatically be rescaled and plotted for maximum fit. More
than one chart may be generated from a particular file of the SEARCHSF

tape. For the last chart of a file,

the last IDENTR number of the

IREC may be specified larger than
file; when this occurs, the program

will encounter an EOF on the input tape and either loop back to Card
1 to read parameters for the next file chart or terminate the program.

This method should not be used
case the exact value needed for I

for the last file on the tape, in this
REC should be entered. It is assumed

that all files generated will be plotted, so there is no provision for skip-
ping files. Finally, the program as currently written will not plot Nansen-
cast positions on a chart that crosses from north to south latitude or
from east to west longitude; separate charts must be made.

Card 2 to N: temperature profile pos

itions or ship’s track

Variable Column Format Description
XLAT 1-13 F13.9 latitude in degrees and fractions of a
degree
= - N: -+
XLON 14-26 F13.9 longitude in degrees and fractions of
a degree
W= -, E=+
IXN 31-35 I5 number of temperature profile X symbol

and number plotted at each location; if
left blank no number will be plotted.



NRL REPORT 7993

Procedure:

XLAT less than -100.0 will signify the last card of the position deck. The program
will then loop back to Card 1 for a new chart and will continue to do so until an EOF card
terminates the program.

Run time for this program depends greatly on the chart size and number of positions
to be plotted, but for most cases it should be less than 1 min. pet chart, including compi-
lation.

2.2.8 Subroutine GNOMONIC — A subroutine named GNOMONIC is employed to
construct the chart and calculate plotting positions. This program was written by E.B.
Wright, NRL Code 8167, and is well documented in the program listing, Sec. 2.2.4. Tt
will require somewhat more work to convert GNOMONIC for the ASC machine, but this
should cause no large problems.

2.2.4 Program XBTCHT Fortran Source Listing

PROGRAM XBTCKT
DIMENSION 18LF(2).,1ARR(28),FLTARRAY(2%4)
CALL PLOTS(PLTARRAY,254,10.,29)
CALL, PLBT(4,040,0,-3)
1 BLFFER IN(1,1)(A:8)
2 1FCUNTIT,102,3,1,3
3 READ 4100:BOTLAT,DLAT,TEPLAT,ECTLEN,DLEN, TOPLONSCLAT,CLON,SCALE,HTT
$,]REC,SN,EW NPLOTTER
100 FERMAT(L.F6,0,15.,2F5.4,3X%,12)
1IF(EGF,6.)500.4
4 Nk34
CALE®SCALE
NSaQ
5 CALL GNGMBN]JC(BETLAT,DLAT,TCPLAT,BETLON,DLON, TOPLON,CLAT,CLON,SCAL
$E,NH,NPLOTTER,P_ BT KGT,XR)
IF(SCALE.,T,CALEIGE TG 6
GE T 7
6 CALE®SCALE
GE 16 5
7 READ 1010XLAT'XL@f\rIXN
101 FERMAT(2F13,9,4X,15)
CALL COORDSIXLAT XLGN,;X:Y)
CALL PLOTI(X,Y,))
CALL SYMBOL(X,Y,HTT,4,0.0,%2)
IFCIXN.LT . 1)GE YO €
CALL NUMBER(X#,03,Y »FTT4IXN»0.042R]3)
CALL PLOT(X,Y,3)
CALL PLOT(X,Y,2)
8 READ 101 XLAT, XLON, IXN
IF(XLAT,LT,=100,0)G8 7€ §
CALL COORDSIXLAT XLEN,X,Y)
CALL SYMBOL(X,Y,HTT,4,0,0,42)
IFCIXN.LT4)GE YO &
CALL NUMBER(X4,03,Y,»kTT,IXN»0.042R]3)

ITITSSYTIIND
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CALL PLOT(X,Y,3)
CALL PLBT(X,Y,2)
GE TO 8
9 PRINT 15

150 FCRMAT(24R PLEY OF TRACK CEMFLETEL///)
CALL PLOT(X,Y,3)

10 BUFFER IN(L,1)C]BLF(1),]ARR(Z8))

11 IF(YUN]T,1)011.12,13,42

12 XLATHSNwABS(FLEAT(IARR(E) )4 (FLEAT(JARR(7))/60,0))
XCONBEW®ABS(FLEAT(TARR(D) )+ (FLEAT(TARR(10))/60.0))
CALL COQRDSUXLATXLON,X,Y)
CALL SYMBOL(X,Y,HTT,NS,0.,0,-1)
CALL NUMBER(X4,03,YskrTT,IBUF(1)90.0,2MHI3)
IFCIBUF (L) LT, IRECIGE TE 10
CALL PLOT(XR*14,0,0.,0,-3)
PRINT 151

151 FCRMAT(36H NANSEN CAST PESITIEN PLET GOMPLETED///)
CAL| SPACEDQ
GE 16 3

13 CALY PLOT(XR+14,0,0.C,-3)
CALL SPACEDO
GE TO 1

500 CAL{, SPACEODQ
CALL STOPPLGT
END

SURROUTINF GNOMONICU(BUTLATT, NLATTy TOPLATTs ROTLONNs DLONN,

1 TOPI ONNy CLATTy CLONNs SCALEs NHy NPLOTTER.PLOT HGBTXR)
COMMON/PROJFCT/R9R SEC CLATyTAN CLATsXMINGYMIN
COMMON/TARLFS/0UM(91) o TANLAT(G90) sDIM(1R2) «SINLON(O0) ¢ COSLON(1R])
DATA(UEG=,Nn1745329252) 9 (RAD=5T7,29577951731)

BOTLAT=BOTLATT % ULAT=DLATT % TOPLAT=TOPLATTYT
BOTLON=ROT{ ONN % DL ON=DLONN % TOPL ON=TOPLONN
CLAT=CLATT % CLUN=CLONN
Coen SURROUTINF FOR DRAWING A GNOMONIC CHART ON THE CALCOMP PLOTTER.,
Couabe ROTLATWNLATSAND 1OPLAT ARE THE MINIMUM, INCREMENT,AND MAXTMUM LATTTUDES
c FOR NRAWTING THE AXES. BOTLON,DLON AND TOPLON ARE LIKEWISE FOR LONGYTIIDE.
c CLAY ANN CLON AKE LATITUDE AND LONGITUDE OF THE POINT OF TANGENCYe. ALL OF
C THESF LLATITURES AND LUNGITUDES ARF IN DEGREFSs WESTLaFAST4 AND SOUTH.«NORTH,
Coauss SCALF IS THE LATLITUDE SCALE IN INCHES/NDEGREE AT THE POINT OF TANGENCY,
r NH GTVES THF NUMBER HEIGHT IN MULTIPLES OF ,035 INCHES,
C NPLOTTER (10 0R 29) IS THE SIZE OF THE PLOTTER DRUM USED,
Cuaans AFTFR THIS SUBROUTINE IS CALLED, THF X AND Y COORDINATES OF A POTNT
C WITHIN THE CHART ARE CALCULATED 3Y THE CALl, CalL COORDS(XLAToXLONsXoY),
C INPUT PARAMETERS XLAT AND XLON ARFE THE LATITUDE AND LONGITUDE OF THE
@ DESIRED POINT IN DEGREESe AND THE COORDINATES WTLL RE RETUAGNEND AS X AND Y.
CHbdedisppataatyy CAUTIUNS TO JSER LR L E-2 T LY
Casirss THE INPUT PARAMEIERS SPECIFYING LATITUNE AND LONGITUDE LIMITS SHOULD

C ORDINARILY RE IN WHOLE NUMBERS. TF THEY ARE NOT,THEY WILL RE CHANGED RY THTS
¢ SUHROUTINE To THE NEXI LOWER OR HTGHER WHOLF NUMRERS,

c IF THE I~PUT SCALE IS TOO LARGE FOR THE PLOTTER SIZE SPECTFIED, THE VALUE

C OF THIS PARAMETER WILL BFE REPLACED BY THE LARGEST PERMISSTARLF SCALE anD

C CONTROL ~ILL RETURN Tu THE CaLLING ROUTINE WITH NO PLOTTING DONF.

C THEN GNOMONTC CAN RE CALLED AGAIN WITH REVISED SCALF PARAMETER.

Ceunss  INTE THAT SURROUTINE COORDS DOES NOT CHECK WHFTHER XLAT AND XLON SPECIFY
¢ A POINT WITHIN THE CHaRT LIMITS, IF THEY ARFE MNRE THAN 1/2 DEGREE QUTSINDE

c THE COORNINATE CALCULATINN WILL 3F INCORRECT.

10
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Cuaaus  ALSO NETTHER CLAT NOR TOPLAT MAY BE MORF THAN BR, DEGRFFS UNLESS a
c POL~R PRNJECTION IS DESIREDe IN THAT CASE ARS(CLAT) MUST RE EXACTLY on,
Cavaps THE GNOMONIC PROVECTION IS FROM THE CENTER OF THF (SPHERICAL) FARTH
¢ ONTO A TANGFNT PLANE. ALL GREAT CIRCLES WILL APPFAR AS STRAIGHT LINES ON
o THE MAP, THFE PROJECTION IS NOT CONFORMAL s AND NISTORTION INCRFASES wtTH
[ DISTANCE FROM THE POINT OF TANGENCY. IT IS USUALLY RBFEST TO CHOOSE a POINT
C DF TANGEWCY NFAR THE CENTER OF THF AREA REING MAPPED,
Carsn PROGRAMMED JULY 1972 BY E B WRIGHTs NR|, CONF 8167,

PLPER=NPLOTTER

H= D35 #NH

HALF H=.5%H

R=SCALF#RAN

SCALE .ON=1.E+100

SCALE MM=&nr,/SCALE
Civnps FORYMULAS CHOOSES THE EWUATIONS TO BE USED FOR CONRNDINATES,

Cill FORM{LAS(CLATSCLONsXsY)

IF (ABSF(C;AT) +EQa90e)GO TO 10

AmG=ENE~#CLAT

TaN CLAT=TANF (ARG)

SEC CLAT=SORT(TAN CLATH#TAN CLATs1,)

SCALE 1| .ON=SCALE/SEC CLAT

R SEC rLAT=R#SEC CLaT

10 PRINT 9004CLATZCLONSBOTLATSTOPLATeDLAT«BOTLONLTOPLOMyDLON

PHINT 203 4NHeH

PRINT 202+SCALEZSCALE LONeSCALE NM

DATELINE=D,

IF(ROTLON.GT-TOPLONIDATELINF=1,

Ezn,

IF(BOTLAT I Tege)E=eY9

BOTLAT=LATY=BOTLAT =t

E=a99

IE(TOPLAT WL TeCe)E=0.

TOPLAT=L ATP=TOPLAT+E

E=ﬂ.

IF(BOTILONGLTa0e)EZeYQ

BrTLON=LONy=R80TLON=t

E=2,99

IF({TOPLONeLTa01e)E=De

TOPILONz=LON5=TOP|_ ON++

IF(DATELINF NEsgo) LUNZ2=LONZ+360

DXLON=.02/SCALE

NDXL OMe (LONP=L. ON1) /UXLON® 5
Cosunnt TABLES TAN LATs SIN LONs AND COS LON ARE FnR INTFRPOLATION OF C
C NOTE FILLING IN OF COTANGENTS IF TANGENCY IS AT LATITUDE 9n,

NLATsLAT2=( AT1+]

NNLATaNLAT?

LaT=l AT =)

IF(CLATAENe90 o) LAT=HG=_ATZ

IF(CLATWEQe=9"¢) LATE=RO= AT?

ARG AT#DFG

DO 100 J=1,NNLAT

TAM LAT(LAT)=TANF (ARG)

LATSLAT+)

100 ARG=ARGSDEG

NLONzI ONZ2=| ON1+¢1

NNLON=NI_.ONeo

LON={ 0Ny =y

11
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ARG= (| ON=CL ON) *DEG
DO 200 1=]1,.NNLON
SIN LOMILON) =2SIN(ARG)
COS LOM(LON)=COS (ARHG)
IF(LON,EQ.181)LON==179
LON=| ONe+)
200 ARG=ARG+DEG
IF(NATELINELEQepe)GU TO 291
DIM=SINLON(179)
DIM(2)=SINLON(1R0)
DIM(3)aSINLON(]1R])
DIM(91)=COSLON()79)
DIM(92)=COSLON(}80)
DIM(93)=COSLON(181)
222 2] COMPUTE THE SIZE OF THE PLOT AND CHECK FOR FIT ON THF PLNTTER,
201 XMIN=YMIN=n,
CALL CNORDS(BOTLATCLONyXO0yYO0)
CaLL COORDS(BOTLATHOTLONIX19Y1)
CALL CNORDS(TOPLATeROTLONIX24Y2)
Call CNORDS(TOPLATICLONSX »Y3)
CALL CNORNS(TOPLAT1OPLONeX&sY4)
CaLL COORDS(BOTLAT«TOPLONSXS,YS)
BACKLON=CLON=G0,
FRONTLAN=CLON*S0,
IF (BACKLON.LEBOTLON)GD TO 202
CaLl. COORDS(ROTLAT yHACKLONIX]19Y4)
CrLL COORDS(TOPLATsHACKLONsX2¢Yg)
202 IF(FRONTLONLGE.TOPLUNYGO TO 203
CaLl, CNORNS(ROTLATsFRONTLONGXG4Y6H)
CALL COORDS(TOPLATsFRONTLONyXGeYh)
203 XHATN=AMINI (XD9X19 X290 X39Xb9sX5)
YMINSAMINL(YOoY1sY2eY30Y40YS)
PLOT LAasAMAXT{X0DeX aX2eX39X49X5)=XMIN
PLOT HGAT=AMAXL{YO0sY19Y24Y3eYbeYS)=YMIN
PHRINT 001,PLOT LGsPLOT HGT,PAPER
IF(PLOT HGT,GT.PAPER)GO TO R6
YMIN=YMINeH
Cianus THE LOOP ENDING AT 300 DRAWS AND NUMBERS THE MERIDIANS,
Xl s=3,8H
IF(NLOMGGT.RO) XL=labX],
A=) 4=1,28XL/PLOT LG
B=1,44,#H/PLOT HGT
Y z=pPaatH
SLAT=BNTLAT«TOPLAT
NOLON=ALON
XLON=ROTLON=DLON
XLAT=BnTLAT
NOLAT=R AT
D0 300 I=1NLONJNDLON
X.ON=Xi ON+NL_ON
IF(XLONaGTa1806) XLONZEXL . ON=360,
CALL CHAORDS(XLATeXLUNX,eY)
IF(XLAT NELROTLAT)BU TO 299
LAREL=ARSF (XLON)
CALL NIMBER(A#XeXL oB®#Y+YLoHyLABFLINas2HT3)
799 CALL PLOT(XsYs3)
XLAT=SLAT=XLAT
CalLL COORNS(XLATHXLUNgX,Y)
CALL PLOT(XeYe2)
IF (X .GT, XR) XR = X
IF (XLAT oNFe. 30TLAY) GO TD 300
LAREL = ABSF (XLON)
Cal.L MIMRER (A#XeXLoM®Y+YLyHyLAREL NG s 2H] )

12
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300 CUNTINE
Cuaansnd THE Loop ENDING a7 S00 DRAWS AND NUMRFERs THE PARALLFELS.
IF (XLATGT.TOPLAT=en1)DLAT==DLAT
XLAT=X1 AT=DLAT
IF(NLONGGTL1B0) YL==YL
DO 500 1=1eNLATyNDLAT
XLAT=X ATenL AT
CALL COORNDG(XLAToXLUNXsY)
IF (DXLON ,G6T. 0) GU TO 301
LAREL = ARSF (XLAT)
IF(LABFL-EO. SC e ANDeNLONSGTS180)GO TO 301
CalLL NUMBER (X+YLosY=HALF HoHoLABELs0s+2HI?)
301 Catl PILOT(XeYe3)
DO 400 J=1.NDXLON
XLON=X! ON=nX| ON '
IF (XLONLLTe=1R0e) XLUNSXLON* 360
IF(XLONGGT o 1R0 ) XLON=XLON=360,
CaLL COORNDS(XLAToXLON9XsY)
IF (X «GTe XR) XR = X
400 CALL PLOT(XeY9e2)
IF(DXLNONGLT.0e) G0 TU 500
LABEL=ARSF (XLAT)*e5
JF(LABFL+FEQ.904ANDNLON,GT4180)G0 TO 500
CALL NUMBER(X4YLoY=HALF HeHoLABFELsNn.92HID)
500 DXLON==-DXLON
Courasdh PLOT TITLE AND MARK LOCATION OF TANGENCY

HH=zH
IF(NH AT e2) HHSHH=e 035
c CALL SYMBOL (=9e9=HoNHe24HNRL PREDICTIVE ACOUSTICS sne024)
e CALL SYMBOL (=9, 9HeHHy3SHGNOMONIC PROJECTIONs TANGENCY AT Xs0.935)

IF(CLAT LT«ROTLATORCLAT«GTeTOPLATOR.CLONG T«BOTLONLOR,
1 CLONGT.TOPLON)GO TO 73
CALL COORDS(CLATsCLONsXsY)
CALL SYMBOL (XeYsHetg0uoe=1)
CALL PLOT (0s90493)
73 PRINT 973
RFTURN
R6 SCALF=SCALE#PAPER/PLOT HGT
PRINT oRmeeSCALE
RETURN
900 FORMAT(//% GNOMONIC CHART ROUTINE BY NRL PREDTICTIVE ACOUSTICS#//
1 # £ B WRIGHT CODE 8167#///% TANGENT POINT AT#FR,3% DEGREES LATI
2TUDEs#Fg,3% DEGREES LONGITUDE#/# LATITUDE FROM#F6,1% DEGREES TO®
3 F6.1% BY STEp#FTe2/% LONGITUNE FROM#FG,1% NEGREES TO#F6,.1
4 # RY STEP#FT7,2/)
a0l FORMAT (//# PLOT SIZE#F7,.,2% INCHES LONG BY#F7.2* INCHES HIGH,
1 # THE SPECIFIED PLOTTER DRUM SIZE IS#F4,0# INCHESG.#//)
902 FORMAT (# SCALE AT PUINT OF TANGENCY=#F6,3# INCHES/DEGREE LLATITUDE
10R #F9, 9% INCHES PER DEGREE LONGITUDE OR #Fg.3% NAUT MI/INCH#/)
903 FHORMAT (/% CHARACTER SIZE CONTROLE=®I4
1 % 4GIVING A PLOTTED NUMBER HEIGHT OF4F6,3% TNCHES#/)
973 FORMAT (# CHART AXES AND LABELING COMPLETE®#//)
9R6 FORMAT(# RETURN TO CALLING PROGRAM WITH SCALE RECOMPUTED TO MAXIMy
1M PERMYSSIRLE VALUE OF #F6,3% INCHES/DEGRFE LATITUDE®//)
Enn

13
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SUBROUTINE FORMULAS(XLAT9XLONsXsY)
COMMON ,PROJFCT/R,R SEC CLAT,TAN CLAT,XMIN,YMIN
COMMON/TABLES/DUM(91) 9 TANLAT (90) #DIM(1B2) 4 SINLON(90) +COSLON(18])
Chuuai CALCULATES X AND Y COORDINATES FOR GNOMONTC CHARTs FOR LATITUDE
C LONGITUDE XLAT AND XLON IN DEGREESe NOTE THAT THE ORIGIN 1S AT THE
€ OF TANGENCY OF THE PRUJECTION IF XMIN AND YMIN ARE ZERO,.
Cese#s  FIRST CALL TO FORMULAS CHOOSES THE EQUATIONS TO BE USED.
CLAT=X| AT
ASSIGN 100 TO KEY
IF (ABSF(CLAT) «EQe90+)ASSIGN 200 TO KEY
RETURN
ENTRY rOORDS
SIN XLON=QUAD INTP(XLONySIN LOV)
COS XLON=QUAD INTP(XLONsCOS LON)
GO TO KEY,(100,200)
canens  THE ORDINARY CASE WHERE TANGENCY 1S NOT AT POLE.
100 TAN XLAT=QUAD INTP(XLAT,TAN LAT}
DENOM=£0S XLON+TAN CLAT#TAN XLAT
X=R SER CLAT#SIN XLUN/NENOM=XMIN
Y=R#(TAN XL AT=TAN CLAT®COS XLON)/DENOM=YMIN
RF TURN
Cawsasw  THE SPECTAL CASE OF A POLAR GRAPH USES LIMITING FQUATIONS,
200 R COT XLAT=R#QUAD INTP(CLAT=XLAT»TAN LAT)
X=R COT XL AT#SIN XLUN=XMIN
Y=<p COT XLAT*COS XLON=YMIN
RF TURN
Enn

FUNMCTTINN QUAD INTP(X,Y)
DIMENSTON Y (50)
Conuus QUANRATIC INTERPOLATION IN TaBLE Y(X),
C NEXT TWO STATEMENTS ENSURE TRUNCATION TO CLNSEST POINT IN TARLE,
K=)¢+15'\.5
Ke=k=18n
S X =K
SiP=Sey,
SMz2Sp=-. ,
QUAD INTP=,5858 (SP#Y (K+]) +SM#Y (K=]) ) =SP#SMBY (k)
RE TURN
EHD

2.2.5 Sample Output — Program XBTCHT constructs a gnomonic chart on a Calcomp
plotter, which is shown in Fig. 3. Degrees of latitude and longitude are noted along the left
side and bottom of the chart. The positions of the Nansen casts'are denoted by a square
(0) symbol with the number of the cast (IDENTR) beside it. The positions of the tempera-
ture profiles or a ship’s track are denoted by a cross (X) and the number of the profile is
plotted if given. The crosses are connected by straight lines. Each chart is accompanied by
a printout; example shown in Fig. 4.

14
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Fig. 3 — Gnomonic chart showing Nansen-cast positions and a ship’s track
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GNOMONTIC CHART ROUTTINE RY NRL PREUICTIVE ACOUSTICS

E R WRIGHT CODE BR167

TANGFNT POTNT AT 19,000 NEGREES LATITUDFs =614000 DEGREES LONGITUNE
LATITUNE FROM 15,0 DEGRFES TO <25,n Ry STE? 1,00
LONGITUDFE FROM =fhbten DERRFES TO =57.0 HY STEP 1.00

CHARACTER SIZE CONT20L= 4 ¢GIVING A PLOTTED NUMRER HETGHT OF 0,140 INCHES
SCALLE AT PNINT nF TaNGENCY= 1,000 INCHES/DEGREE LATITURE 0R Ne946 INCHFS PER NEGRFE LONSITUDE OR

PLOT SIZE e 70 INCHES LOMNG BY 10.08 INCHES HIGH, THE SPECIFIEN PLOTTER DRU4 SIZE 1S

RETURN TO CALLING PROGRAM WITH SCALE RECOMPUTED TO ¥MAXTMUM PERMTSSIRLF VALUE OF

GNOMONIC CH&4RT ROUTTNE RY NRL PREDICTIVE ACOUSTICS

E B WRIGHT CODE R1A7

TANGENT POINT AT 10,00n NEGREFES LATITUDEs =k1e000 DEGREES LONGITUNE
LATITUDE FROM 18,0 DEGREES TO #5.0 BY STEP le00
LONGITUNE FROM =64.1 DEGREES TO =57.0 8Y STEP 1.00

CHARACTER STZE CONTROL= 4 ¢GIVING A PLOTTED NUMRER HFIGHT OF 0,140 INCHES

SCALE AT POINT NF TaNGENCY= 0,992 INCHES/DEGREE LATITUNE nR Ne93A INCHES PER NEGRFE LONSITUNE NR

PLOT SIZE 673 INCHES LLONG BY 10,00 INCHES HIGH, THE <PECIFTIED PLNATTER ORUw SIZE 1S

CHART AXES AND {ARE( ING COMPLETE

PLOT OF TRACK COMPLFTEN

NANSEN CAST POSTTIOr PLOT COMPLEIED

Fig. 4 — Sample printout of Program XBTCHT

ADL., 0NN NAUT MY/TNCH

04992 INCHES/DEGREF LATITHNF

AN 6QA NAUT MT/TNCH

HTILAN 'V'd
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2.3. Nansen-Cast Data Plot (ARCPLT)

After the chart of the survey area has been studied, the groups of Nansen-cast data
chosen as typical to the area are now plotted on a 10-in. Calcomp plotter. This is done
using program ARCPLT. This program can produce four separate plots for each cast:
temperature vs depth, salinity vs depth, sound speed vs depth, and temperature vs salinity.
All depths used are the standard NODC depths.

2.3.1 Water Masses — The surface waters of the ocean circulate in a complex but
predictable manner. For example, the colder, less saline water of the polar regions sinks,
mixes with, and flows under the warmer water of the temperate regions. This produces
a vertical stratification over large areas in the ocean. Water masses can be classified from
their vertical temperature vs salinity distributions [2.8], and this classification can be ap-
plied to the world’s major bodies of water.

The profiles produced by ARCPLT can be examined visually and then grouped accord-
ing to their water masses. For this, the temperature-salinity curves are the most useful. Up
to ten separate groups (1 - 10) can be accommodated by the program. See Sec. 2.4.0.

2.3.2 Program Control Cards — Same as Sec. 2.2.1.

2.3.3. Input Control Cards

Card 1 to N: control cards

Variable Column Format Description

IDT 1 Il =]1; depth vs temperature plot
=0; no plot

IDS 2 I1 =1; depth vs salinity plot
=0; no plot

DV 3 I1 =1; depth vs sound-speed plot
=0; no plot

ITS 4 I1 =]1; temperature vs salinity plot
=0; no plot

IFLE 5-7 I3 number of files to skip on SEARCHSF
tape

IREC 8-10 13 number of records to skip on SEARCHSF
tape. One record contains a complete
profile

INUM 11-13 I3 IDENTR of last record to be plotted

17
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CAUTION: All profiles of a SEARCHSF tape file must be plotted

as a group. After INUM is reached, the rest of the file is skipped and
a new control card is read to process the next file. Intervening files
may be skipped, but care must be taken not to pass the last file on
the tape. Note that the value of IREC is a count of the records to
be skipped and not an IDENTR value. When an EOF card is read the
program will end.

The running time for the program depends on the number of profiles to be plotted
(approximately 10 s for a set of four plots), and on the amount of SEARCHSF tape to
be read. Run times of 2 to 5 min. should be sufficient.

2.3.4 Program ARCPLT Fortran Source Listing

PROGRAY ARCPLT
DIMENSION IRUF(2) s IARR(28) 9 TEMS(4) s TIN(I2R) sINP(128) 4SUM(]12R) o TMP
$12R) 9 SAL(178) 2 PLTARKAY (254) X {128) Y (1728)
CALL PLOTS(PLTARRAY#254410)
YY=0,909090909
XXe0,l
GXX=0,4?
GYY’O.]
GYYY=0,?2
IDT=1 NEPTH TEMPERATURE PLOT
IDS=) NEPTH SALINITY PLOT
IDv=1l DEPTH VELOCITY PLOT
ITS=] TEMPFRATURE SaLINITY pPLOT
IFLE NO. OF FILES Tu SKIPs IREC NO. OF RECORNS TO SKIP
INUM STOP AFTER DOING THIS RECHORD NUMRER
READ 24IDToI1DSyIDVeLITSeIFLEGIRECY INUM
2 FORMAT (4714313)
IF(EOF460)Y1720050
50 IRNEQ
NFTIL=0Q
3 IF(IFLFLEQ.NFILIGO 10 4
CalLL SKIPFILE(])
NFTL=NFIL+1
G TO 2
4 BUFFER IN (153) (AyA)
IF(UNIT1)5456910096
IF(IRN.GE.IREC)GO TU 7
IRN=TRN+])
GO 70 &
BUFFER IN (1s1) (IBUF (1)9SAL(128))
TF(UNITy1)895010099
IRN=IBIF (1)
IF(IDTJLE.0)GO TO 16
c De«7 PLNT
GY=0,0
GXmOe0
CALL PLOT(GX9GYs3)

OO0

—

o 1

VX ~
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CALL PLOT(GXsGYy2)
CALL PLOT(GXXsGYol)
CALL PLOT(GXXsBYYsl)
CALL PLOT(GXXeGYsl)
GXeGXX+GXX
CALL PLOT(GXsGY,y1)
DO 10 J=l,s7
CzLL PLOT(GXeGYYYel)
Call PLOT(GXeGYyl)
GA=GXenXX
CALL PLOT(GXeGYy))
DN 11 JJ=m1,44
CALL PLOT(6XeGYYy1)
CALL PLOT(GXsBYy1)
GXuGX+GXX
CALL PLOT(GXsGY,y1l)

11 CONTINUE

10 COMTINUE
GMAX=GX 44,40
CALL AX(GXeGYsYY)
GGY=GY=0sl
GYGEGY=042
NUM= 35
YNmGYen,l
DO 12 J=l,7
XNEGX=(el
CALL NUMBER(XNgYN9so129NUMs0,092HI2)
NUMaNUV=5
CALL PLOT(GX9GYy3)
CALL PLOT(GXeGYy2)
CALL PLOT(GXeGYGy1)
CALL PLOT(GX9eGY,y1)
GXuGX=»GXX
CALL PLOT(GXeGYy1)
DO 13 JUJ=m144
CaLlL PLOT({GXsGGYsl)
CALL PLOT(GX9GYy1)
GXaGXwaXX
CALL PLOT(GXeGY,y1)

13 CONTINUE

12 CONTINUE
CoLL PLOT(GXeGYGs 1)
XNIGX'ﬂ.l .
CALL NUMBER(XNgYNse129NUM90,092HI2)
CALL PLOT(GXeGY3)
CALL PLOT(GX9GY,y2)
GXmGX=G3XX
Catl PLOT(GX+GY,y1)
CALL PLOT(GXsGGYel)
CALL PLOT(GX9GYy1)
GXmGX=GXX
CALL PLOT(GX9GYy))
CALL AXX{(GXoBYsYYsGXX)
CALL SYMBOL (5¢092¢59¢12911HDPH VS TEMPe040sl11)
CALL NUMBER({54092¢09.129TIRNy0409s2HII)
CALL NIIMBFR{(54091¢5¢,129TARR(3)90e092HII)

19
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CALL NUMBER(54¢5¢1e¢59.1291ARR(4)40s002HI)
CALL NUMBER(S5409140¢412yJARR(18)90,042HI4)
CALL NUMBER(545¢10094129TARR(19)90,0¢2HI4)
JJ=TARR(17)

D0 14 Tml,JJ
IF(IDP(1)+GTe5500)6U TO 15
J=T1

X{I)=(TMP(1)¢2,0)#0.2
D=IDPLT)
Y(1)=2(5500,0=D)%0.001818182
CONTINUE

CALL LINE(XeYrJdslo=lse01ly))
CALL PLOT(GMAX30400=3)

CaLL SPaCEONO

IF(IDs.LE.0)GO TO 24

D=S PLNOT

GX=ge )

GY=zpe0

CALLL PLOT(GXsGYs3)

CALL PLOT(GX9GYe?2)

DU 17 Jaleé

CoLL PLOT(GXeGYYYsl)

CalLl PLOT(GXsGYs1)

GA=GX*XX

CALL PLOT(GX,46GY,1)

DO 18 JJ=1.9

CaLL PLOT(GXeGYYs 1)

CALL PLOT(GXeGYsl)

GXmGXeXX

CALL PLOT(GX9GYs))

CONTINUE

CONTINYE

GMAX3GX+64,40

CoLL AX(GX4BYoYY)
GhY=GY«04l

GYGRGY=0,e?

NUM=3R

YN=GY+n,]

DO 51 J=ale6

XNaGXerq 1

CALL NUMBER(XNsYNoel29NUM0,042HIZ)
NUMzNUMe]

CALL PLOT(GXsGYy3)

CalLL PLOT(GX9GY2)

CALL PLOTI(GX+GYGel)

CALL PLOT(GXsGYsl)

GXaGX=XX

CALL PLOT(GX9GYy))

DO 19 JJ®=ls9

CALL PLOTI(GX9GGYs1)

CALL PLOT(GX,6Y,1)

GXeGX=XX

CALL PLOT(GXsGYey)

CONTINUE

CONTINYE

XNuGXen 4]

20
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CALL NUMBER(XNyYNso129NUMe0eQ9o2HI2)

CALL PLOT(GXeGYs3)

CaLL PLOT(GXsGYs2)

CaLL AXX(GXeGYoYYaGXX)

CALL SYMROL (40002459,12910HDPH VS SAL9N.0y10)
CALL NUMBER(64092+09,129IRNy0,0,2HI3)
CALL NUMBER(6¢091¢59,12¢IARR(3)40e092HII)
CALL NUMBER (605015941290 TARR(4) 90eN92KI3)
CALL NUMBER(4e091e09,12+TARR(18)+0,002HI4)
CALL NUMBER(4¢591409,129IARR(19)90.0¢2HI4)
JJeIARR(17)

Do 20 TeleJJd

IF(IDP(T1),G6T«5500)60 TO 21

J=T

X(1)=(SAL(T)*32.0) %160

DaIpP (1) ’
Y(1)={5500,0=D)#0+001818182

CONTINUFE

CALL LINE(XsYoJolomwleefDlel)

CALL PLOT(GMAX90e09=3)

CALL SPACEnO

IF(IDV.LE.N)IBO TO 26

D=v pPLOT

CALL PLOT(0s020093)

CALL pLOT(Ooo'OQO'E)

GX=20,0

GYBO'O

XXX=]ep

DO 23 J=141)

GXeGXeXXX

CALL PLOTI(GX9eBYe1)

CALL PLOT(GXeGYYYeD)

CALL PLOT(GX9GYsl) "’

CONMTINUE

GMAXZ=GX+64,40

CALL AX(GXoGYoYY)

NUmM=1550

CALL NUMBER(10.8s10e190129NUMe0,092HT4)
CALL PLOT(GXsGYs3I)

CALL PLOT(GXsGYs2)

GYYYY=nY=GYYY

DO 24 =141

GX=GXwXXX

CALL PLOT(GX9sGYy))

CalLL PLOT(GX9GYYYYsl)

CALL PLOT(GX9GYsl)

CONTINUE

NUM=1640

CALL NUMBER(*0e2910s)196129NUMs0.092HI4)
CalLL PLOT(GX9GYy ¢}

CaLl PLOT(GXsGYs2)

CALL AXX(GXeGYsYYsBxX)

CALL SYMBOL(0e¢5,2¢50412413HOPH VS S, SPDy0.0,13)
CALL NUMBER(OQS,ZQO!ol?'IRN'OOO'ZHta)
CALL NUMBER(DeS591e59¢129TARR(3)404092HII)
CALL NUMBER(1¢091e59¢129TARR(4) 004092HI3)

21
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CALL NUMBER(DeS9ple09,1291ARR(1B)90.092HI%)
CALL NUMBER(14091e09.129TARR(10)90+042H14&)
JJIsIARR(17)

DO 25 T=1,JJ
IF(IDP (1) ¢GTe5500)6V TO 52
J=1
X(1)2(SVM(1)*144000)%0¢]
D=IDP(T)
Y{I)={g500,0=D)*0s001818182
CONTINUE

CaLl LINE(XeYoJelos=los0lsl)
CALL PLOT(GMAX30,0s=3)

caLL SPaCeEoo

IF(ITS.LE.NYGO TO 3/

T=S PLOT

GXa0,40

GY=0,0

CALL PLOT(GX,GY,3)

CALL PLOT(GXsGYs2)

GTYZ0.25

Xx20,1

GSX=0,15 ,

CALL PLOT(GX,4GTY,1)

CalLl PLOT(XX9GTYs1)

CALL PLOT(GXeGTYs 1)
GYsGTY+GTY

CALL PLOT(GX,GY.I)

NUM=q

DO 27 =147

CALL NUMRBER(GX=e39GY=e0g0s129NIMI0,042HIR)
NUMeENUM+ S )
CALL PLOT(GXsGY43)

CALL PLOT(GX9sGYs2)

CalL PLOT(GXX+GYs 1)

CALL PLOT(GXsGYs1)
GY=2GYeRTY

CALL PLOT(GXsGYy])

DU 28 KK=],4

CALL PLOT(XX92GYs1)

CALL PLOT(GX+GY,y))
GYmGY+rTY

CALL PLOT(GXeGY))

CONTINUE

CONTINUE

GAYRm4 478

GAX=mwey

CALL SYMBOL (GAXsGAYse12¢BHTEMP (C)990e098)
NUM=132

GGYBGYwnel

GGGY:GY'.Z

DO 30 K=1+6

CoLL NUMBER(GX=e19BY+eloal29NUMe0a092HI2)
NUMEN M+ ]

CALL PLOT(GXeGYs3)

CALL PLOT(GXsGYs2)
GX®GX+RSX
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DO 31 KK=}1,9

CuolL PLOT(GX9GYs1)

CALL PLOT(GXsGBYs1)

Catl PLOT(GXsGY,1)

GXx=GX+GgX

CONTINHE

CALL PLOTI(GX9GYs1l)

CaLL PLOT(GXsGGGYel)

CALL PLOT(GX9GYsl)

CONTINUE

CALL NUMBFR(GX=e19GY+al90129yNUMy0a092HI2)
GAY’GYﬁo 3

GAX=3,R

CALL SYMBOL (GAXeGAY9e12914HSALINITY (PPT)sp0env]s)
CalL PLOT(GXeGYy3)

CalLl. PLOT(GXeGYy?2)

GMAX=GX+4,0

Do 32 x=1,7

DO 33 KK=1,4

GYRGY=rTY

CALL PLOT(GX9GYs1)

CaLL PLOT(GX=el9GYs1)

CALL PLOT(GX9GYol)

CONTINUE

GY=GY=GTY

CALL PLOT(GX9GYy 1)

CALL PLOT({GX=e29GYs L)

CALL PLOT(GXsGYsl)

CONTINUE

GYeGY=GTY

CALL PLOT(GX+GYs])

CALL PLOT(GX»e19GYrl)

CALL PLOT(GX9CYy1)

GY=GY=3TY

CALL PLOT(GX9sGYy1)

DO 34 kKmlyg

DO 35 KK=14+9

GXrGX=nSX

CALL PLOT(GXsGYy])

CaLL PILOT(GX9GY+alsl)

CALL PLOT(GX9GYsl)

CONTINUE

GXz2GX=rSX

CALL PLOT(GXsGYyq)

CalLL PLOT(GX9sGYe,o201)

CALL PLOT(GXsGY,y1)

CONTINUE

CALL SYMBOL (66592590129 13HTEMP, VS SALe9s0.0s13)
CALL NUMBER(6¢592¢094,129IRNy04092HI3)
CALL NUMBFR(6¢5+10¢59,1291ARR(3)40e092H13)
CALL NUMBER(7¢0910590129TARR(4)+0e092HI3)
CALL NUMBER(6¢591¢09,12+1ARR(18)90,092H14)
CALL NUMBFR(Te091e094129IARR(19)10,042HT4)
JJ=IARR(]17)

DO 36 T=1lsJJ

Y(1)2(TMP(1)+2.0)%0.25
X(I)=m(gAL(1)=32,0)%*1,5
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36 CONTINUE
CALL LINE(X9YoJJUs1ls090e08Bo=1)
CALL PLOT(GMAX90409~3)
CALL snACEONO

37 IF(IRN,EQ,INUM)GO TU 110
GO TO0 -

100 NFIL=NFIL+1
IF (NFIL«GF.3)G0 TO ;20
GO T0 1

110 CALL SKIPFILE(1)
GO T0 1

120 CALL PLOT(14¢090409=3)
CalLL SpaCEo0o0
CALL sTOPPLOT
END

SUBROUTINE AX(GXeGYeYY)
GGX!GX'O 2
DOy J=1e1)
GY=GY+YY
CALL PLOT(GX9sGYy1)
Call PLOT(GGXsBYs1)
CALL PLOT(GXsGYs1)
1 CONTINUE
RETURN
END

SUBROUTINE AXX(GXeBYYYsGXX)

NUM=1000

GNY=R,121818181

GNX== ,5

DO 1 J=m1e5

GYmGY=YY

CALL PLOT(GXsGYy1)

CALL PLOT(GXXsGYsl)

CALL PLOT(GX»GYsl)

GYmGY=YY

CALL PLOT(GXsGYs])

CALL PLOT(GXXeGBYs1)

CALL PLOT(GX9GY,y1l)

CALL NUMBER(GNXsGNY s o,12eNUMy04042HI4)

CALL PLOT(GX9GYy3)

CALL PLOT(GX9GY,2)

NUMSNUM+ 1000

GVy=GY-1.878181818
1 CONTINUE

GYuGYmyY

CALL PLOT(GXsGYy])

RETURN

EnD
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2.3.5 Sample Outputs — The plots produced from Program ARCPLOT have the follow-
ing formats.

1. Temperature (-2 to 35°C) on a 18.8-cm abscissa vs depth (0 to 5000 m) on a 25.5-cm
ordinate, shown in Fig. 5.
Legend on bottom right:
Title
IDENTR number
Marsden square 1° square
Distance along track Distance from track

0 S 10 15 20 25 30 35
LI UL T L L L B LI L

1000 —

2000 +—

3000 —

4000 — —]
DPH VS TEMP

11

13 92

197
so00 — 97 134 |

lllllIllIIIIII]ILIJJlIIllllllllllll

Fig. 5 — Calcomp plot, depth (m) vs temperature (C°)
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2. Salinity (32 to 35 parts per thousand (ppt) on a 15.3-cm abscissa vs depth (0 to
5000 m) on a 25.5-cm ordinate, shown in Fig. 6

The legend on bottom right is the same as in item 1 above.

32 33 3y 35 36 37 3@
11llllllllllllllllllilllllllllllllIITIT]I ll]’llllllll
1000 |- _
— —t
2000 — —|
3000 |- —
— u—
4000 — —
OPH VS SAL
I
y3 92
197 134
S000 — -~
JllJllIIIJlllllllllJllIIlIIIllI|llllllLlllllllllLIIlllllll

Fig. 6 — Calcomp plot, depth (m) vs salinity (ppt)

3. Sound speed (1440 to 1550 m/s) on a 28-cm abscissa vs depth (0 to 5000 m) on
a 25.5-cm ordinate, shown in Figs. 7a and 7b.

The legend on bottom left is the same as in item 1 above.

4. Temperature (-2 to 35°C) on a 22.5-cm ordinate vs salinity (32 to 38 ppt) on a
22.8-cm abscissa, shown in Figs. 8a and 8b. Water masses have been noted on the T-S plots.

The legend on bottom right is the same as in item 1 above.

2.4 Statistics and Multiple Plots (VDTSMUPT)

The archival data can now be divided into as many as ten groups (numbered 1 to 10)
and the IDENTR number of each profile noted. As mentioned in Sec. 2.3, each group
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1550

2000 —

4000 —

DPH VS S SPOD
11
43 92

197 134

| | 1

|

|

Fig. 7a — Calcomp plot, depth (m) vs sound speed (m/s), southern North Atlantic waters
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1440 155C
T f [
1000 — —
— —
2000 — ]
3000 — ]
4000 —_
OPH VS 5. SPOD
18
| — —
78 48
B71 21
5000 — -
| | l | | | 1 | |

Fig. 7b — Calcomp plot, depth (m) vs sound speed (m/s), mid-North Atlantic waters showing sub-

surface sound channel
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SRLINITY (PPT)
35

32 33 37 38
IIIITITITI'IIIIllllIIlrr]lrrfll|lllllfrfrlf{lflll'llf[lllll[

30 —
- ® @ B

L @ ..
25— o] ]
L @ ]

L o ]

- TROPOSPHERE

N O (HIGHLY VARIABLE))]

20 — o —
L ® .

o

15 — B NORTH ATLANTIC -
L CENTRAL WATER _

L . |

L o |

10 — —
L @ .

- TEMP. VS SAL. .

®

L o ]

- @ UPPER DEEP 1 -

s - WATER ]

DEE
L : LOWER DEEP 43 82 i
L BOTTOM |
g WATER

- ANTARCTIC 197 134 ;.

R BOTTOM WATER |
0+— —
- -

N T O | I | I O T T T I O | lJ | T O T I O I 111131 1})1 lJ O O T O I O

Fig. 8a — Calcomp plot, temperature (C,o) vs salinity (ppt), southern:North
Atlantic waters; water masses noted
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SALINITY (PPT)

32 33 34 35 3b 37 38

TTTTT T T T T T T T T [ T T T T T T T T [T T T T T T T T T T T T T T r [T T T arT

0~ —

25 — p—

L ® 4

n U T ROPOSPHERE “

- O (HIGHLY VARIABLE) |

L lu} B

20— @ —

» o i

L & o

- o —

15 :_ O NORTH ATLANTIC __

CENTRAL WATER

- ul —

b m -

10 — —

— m -

L - TEMP, VS SHL. .
@ NORTH

r ATLANTIC B

L o 18 4
DEEP

5 §AND —

L BOTTOM 78 48 4
WATER

L 873 2] .
ANTARTIC

= BOTTOM WATER —

0— —

crrrrrcen berrrrrera bvr e b b

Fig. 8b — Calcomp plot, temperature (C°) vs salinity (ppt), mid-North Atlantic
waters; water masses noted
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should characterize a distinct oceanographic region. One method is to overlay the plots
produced in the previous section. The temperature vs salinity and sound-speed vs depth
plots are the most useful.

The number given a particular group is arbitrary. The members of each group do not
have to be consecutive, but they must ascend in number within the group. As many as 60
profiles can make up each group. If there are more than 60 profiles, they may be reduced
by eliminating shallow or older profiles or by reducing several profiles taken at the same
location.

Program VDTSMUPT constructs four separate plots for each group. All members of
the group are plotted on the same sound-speed vs depth, temperature vs salinity, tempera-
ture vs depth, and salinity vs depth plot. The mean value, standard deviation, and standard
error of the sound speed are also calculated for each standard depth of the group, as well
as the average salinity. The statistical portions of the program may be suppressed, and it
is a good idea to check the plots before doing a final set of plots and calculations.

The statistical portion of the program produces a printout of the sound-speed statistics
and a punched card deck having the depth, standard deviation, standard error, the mean, one
standard deviation above and below the mean sound speed, and the average salinity. This
deck is used by the SSCPDN, next program in the calculation of sound-speed values.

2.4.1 Program Control Cards — Same as Sec. 2.1.1.

2.4.2 Input Control Cards

Card 1: control card

Variable Column Format Description

IFLE 1-4 14 number of files to skip on SEARCHSF tape

IREC 5-8 14 Skip through this IDENTR number before start-
ing to process. If the first profile of file is in
the group, IREC=0

NDX 9-12 I4 =1; rewind SEARCHSF tape before starting to
process (must be used if this is the first group
and in the first file of the tape)
=0; the group to be processed has its first mem-
ber in the same file and beyond the last group
processed
=-1; causes SEARCHSF tape to be backed to
the beginning of the current file before proces-
sing (i.e., to process groups that have members
that reside in the current file but are of lower
IDENTR number than those already processed)

31
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Variable Column Format Description

JREC 13-16 I4 IDENTR number of last profile of a
group
1GP 17-20 14 Group number arbitrarily assigned —

used to designate groups for various
inputs and outputs

ISSK 21-24 14 =1; multiple plots only
=0; plots, printout, and punched card
deck produced

NFSK 25-28 14 number of groups of plots to skip on
output tape (LU 10)
used to add plots to a tape
=0; no skipping
=1; will skip one group of four multiple
plots, etc.
This option can only be called once on
the first control card of the run.

EOF card will terminate the program.
Card 2 to 4: IDENTR group deck

Variable Column Format Description

INDX(I) 1-4 14 IDENTR number of the first member
of the group
INDX(I) 5-8 14 Twenty values to a card; there must be
etc. three cards (60 values). See procedure

Procedure: Member numbers must be ascending. There must also be three cards in
the group deck, leaving the field blank after the last number of the group. Misordering
will cause the group to be skipped. Cards 1 to 4 are repeated for each group, up to ten
sets. All members of a given group must be contained in a single file of the SEARCHSF
tape. Any values to be plotted that fall outside of a grid will be revalued to the maximum
or minimum limit of the grid, but the original value will be used in the statistical calcula-
tions.

The program run time is a function of the number of profiles processed, but it should
be less than 2 min. for all but the largest runs (greater than 150 profiles).

When an EOF card is encountered in the Card 1 position, the program will terminate.
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2.4.3 Program VDTSMUPT Fortran Source Listing

PROGRAM VDTSMUPT

DIMENSTON TRUF(2) 9 1ARR(28) s TEMS(4) 2 IIN(120)9INP(128)4SVM(128) 4 TMP{(
$12R) 9SAL(128) sPLTARKAY (254) + INDX(60) 9yDPH(30980) s VEL (30960) o TEM(30,
$60)9CAL (30,60)491DH(30)

DATA(INH=0 41022093050 759100012591500200+250+300940005009600¢700+
:80099u091000011000ldOOo1300’140091500’1750v20000250003000’40000500
$0)

YY=0,909090909

XXx=0,1

GxX=0.7

GYYIO.1

GYYY=(.?

READ 2¢IFLEZIRECINDRWJRECIIGP 9y ISSKeNFSK

FORMAT (714)

IF(EOF 460)12093

3 NFLE=H
N=1
Nivel
NOM=]
IF(NFSK4LT,1)G0 TO 4p2
NF SK=q 2 #NF SK
DO 403 J=m14NFSK
CALL sKIPFTILE (10)
-403 CONTINUE
IFLE= SKIP THIS NO. OF FILES IREC®=SKIP THROUGH THIS REC NOD.
NDX=oGTo ZERO REWIND FOR THIS PASS
2,EN, ZERD CONTINUE ON
2,LTe ZERD BACKFILE
JREC=STOP AFTER THIS RECORD NO. IGP=CGROUP N0,
ISSK «56Te p SKIP STATISTICAL CALCULATIONS
NFSK= NOes OF GROUPS TO SKIP ON PLOT TAPE JWILL START ON NEXT
GROUP aND GO ONs IF =0 WILL NOT SKIP FILES

402 READ 1009 (INDX(J)9sJm1960)

100 FORMAT (2014)

INDX2RFCORD NO, TO USE IN CALCULATIONS o MUST HAVE 4 CARDS EVEN
BLANK ONES
CaLL PLOTS(PLTARRAY+254410)
IF(NDX)49645

4 CALL BACKFILE (1)
CALL SKIPFILE (1)
GO TO =

5 REWIND 13

7 IF(IFLFLEQ.NFLE)GO 10 &
CaLL SKIPFILE (1)
NFLE=NF| E+)
GO T0. 7

8 BUFFER IN (1e1) (AsA)

IF(UNITsl)genslve
Du 10 J=mle3n
DO 11 uJu=1,60
DPH{JyJJ) ==,

VEL(JsJJ)==qal
TEM(Je )J)=wq,0
CAL{JeJJ)=eQeD
11 CONTINUE
10 CONTIN)E

N =

D
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12 BUFFER IN (191) (IBUF (1) +SAL(128))
13 IF(UNIT91)13sl60191¢
14 IF(IBUF(1),LE.IREC)UO TO 12
IF(IBUF (1) 4LT«INDX{(N)IGO TO 12
IF(IBUF (1) ,GT«INDX(N))GO TO 400
15 IF(IDH(NDH) LEQ.IDP(1))GO TO 16
NOH=NDH+1
GO TO 15
16 JsNDH
JUsTARR(17) ¢+J=]
JJJd=1
IF(JJsGTe30)JUR30
17 IF(IDH(J)!EQ.IDP(JJJ))GO T0 18
IF(JsGE43Nn)GD TO 56
JuJe
GO TO 7
18 DPH(JoN)2TIDP (JJJ)
VEL (JoN) 2SYM(JJJ)
TEM(JoN) = TMP (JJJ)
CaL (JaN) =SAL (UJJ)
JJduarJdd el
JaJe+l
IF(JUJL,LELJJIGD TO 17
s6 IF(IBUF(1).GE.JREC)GO TO 19
NaNe}
NDH=y
GO T0 12
Couns® DoV MULTIPLE PLOT
19 Js)
J.i=y
CALL PLOT(ne020e0*3)
Call PLOT(0e000,0¢2)
Gx=0,0
GY=0,0
XXXBY g
DO 20 K=1)y
GXmGXeXXX
CALL PLOT{(GXsGY,y1)
CALL PLOT(GXsGYYYs1)
CALL PLOTI(GXsGYs1)
20 CONTINUE
GMAX2GxX+4,0
CALL AX(GX4GYaYY)
NUM=]1550
CALL NUMBER(10,B510619,129NyMs0,092HI4)
CALL PLOT(GXsGY,y3)
CalLl PLOT(GX9GY,y2)
GYYYYRGY=GYYY
DO 21 k=l,11
GXuGX=XXX
CALL PLOT(GX9GYy )
CaLL PLOT(GXeGYYYYe L)
CALL PLOT(GX9GY,y1)
21 CONTINUE
NUM=E1 440
CALL NUMBER(=(0e2910¢] 212 NUMs0e022HI4)
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CALL PLOT(GXsGY»3)

CALL PLOT(GX9GYs?2)

CALL AXX{GX¢BYy»YYoGAX)

CALL SYMBOL (0e592¢59412015ADPH, VS S¢ SPD.s0,N918)
CALL SYMBOL(0e5¢2¢09¢12¢13HMULTIPLE PLOT90,0413)
CALL SYMBOL(0¢50+1e59,129SHGROUP4040+5)
CALL NUMBER(1029)len9¢l - 9IGPs0.092HL3)
CALL SYMBOL(=e695¢0941299HDEPTH (M) 990,049)
CALL SYMBOL (6629100190120 14HVELOCITY (M/S)s0ens1é)
CalL SPaACEOO

CALL pLNT(0a099.893)

X=040

Y=9,95

IF(DPH(JeJJ) eGE40e0)GO TO 24
IF(JeGFa30)GD TO 29

CALL PLOT(XsY93)

J=J+1

GU TO »3

IF(VEL(JeJJ) eLTe1440,0)VEL(JeJJI=1440,40
IFAVEL (U9 JJU) eGTe 155040 VEL(JeJJ)1B1550,0
IF(DPH{JeJJY oL Te 0401 DPH(J9JJ)=0,0
IF(DPH(JsJJ) oGT45500,0)DPH(JeJJ)Z5500,0
X2(VEL(JsJJ) =14400) %001
Y={5500,0=DPH(JyJJ))#0,001818182

CALL PLOT(XsYe3)

CALL PLOT(XeYe2)

NENLS]

N-=2

IF(OPH(JsJU)Y +GEL00)GO TO 28

JE el

NP=73

GO TO a7

IF(VEL(JeJdJ) elL.Tel46400)VEL(U»JS)Z1440e0
IF(VEL(J9JJ) «GTo185060)VEL(JsJJIZ1550,40
IF(DPH(JsJ) eLTe0e0)DPH(J9JU)=0,0
IF(DPH(JsJJ) «GT 5500 0)DPH(JeJJ)Z550040
Xz (VEL(JeJJ)=16440,0)%041

Y2 (5500,0=DPH(JsJJ) ) #0,001818182

CALL PLOT(XsY9NP)

IF(JeGF430)G0 TO 29

GO T0 =¢

IF(JJsGENIGO TO 30

NNLNNLA

J=y

GO TO 23

CALL SpaACEON

CALL PLOT(GMAXy0e09=3)

CalLL SPaACEON

T=S MULTIPLE PLOT

GXHOQO

GY=®peo

J=

Juey

CALLL PLOT(GX9GY,y3)

CallL PLOT(GXsGY42)
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GTY=0,.25
XX:O.I
GSX’O.]S
Call PLOT(GXsGTYy1)
CaLl PLOT(XXsGTYs 1)
CALL PLOT(GX9GTY»1)
GY=GTY+GTY
CALL PLOT(GXsGYy])
NUM=(
DO 31 k=l,7
CALL NUMBER(GXw{39GYmwo06pal29NUMs04042HI2)
NUMsNUMeg
CALL PLOT(GX+GYs3)
CALL PLOT(GXsGYs2)
CALL PLOT(GXXsGYs1)
CALL PLOT(GXsGY,1)
GYmGY+GTY
CALL PLOT(GXsGY,1)
DO 32 KK=],4
CaLL PLOT(XXsGYy))
CALL PLOTI(GX9GYs1)
GYaGY+GTY
CALL PLOT(GX9sGYy))
32 CONTINUE
31 CONTINYE
GAY=m4,28
GAx-'oa
CALL SYMBOL (GAXsGAY9e12¢8HTEMP (C)99gen98)
NUM=?32
GGY=RG «=04]
GGGYRGY=,?
DO 33 k=ly6
CALL NUMBER(GX=®y196Y+alsel29NUMy0De092HI2)
NUMENUVe )
CALL PLOT(GX+GY43)
CALL PLOT(GXsGYs2)
GXmGX+GgX
DO 364 KKs1,9
CALL PLOT(GX9GYy1)
Call PLOT(GX9GGYsl)
CALL PLOT(GXsGY,1)
GXmGX+GSX
34 CONTINUE
CALL PLOT(GXsGYs1)
call PLOT(GXeGGGYel)
CALL PLOT(GX9GYsl)
33 CONTINUE
CALL NUMBER(GXw,1908Y¢3190129NUMs0eQ92HI2)
GaYaGY+,3
GAx=3.R
CALL SYMBOL (GAX,GAYse12,14HSALINITY (PPT),00.n,14)
CALL PLOT(GXsGYs3)
CALL PLOT(GX9GY2)
GMAX=Gxeéd,0
DO 35 Kkml,7
DO 36 KK=1,4
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GYRGY=TY

CALL PLOT(BXsGYsy)
CALL PLOT(GX®sl9BYsl)
CALL PLOT(GXsGYy1)
CONTINDE

GYaGY=GTY

CALL PLOT(GX9GYs1)
CALL PLOT(GX=e29GY 0 1)
CALL PLOT(GXeGYs1)
CONTINUE

GY=GY=GRTY

CALL PLOT(GXsGYs])
CaLL PLOT(GX=elsGYel)
CALL PLOT(GXsGYs1)
GYeGY=GTY

CALL PLOT(GX9GYs1)

DO 37 K=lyg
GX2GX=nSX

CALL PLOT(GXeGY,s1)
CALL PLOT(GX9GYeolei)
CallL PLOT(GX9GYsl)
CONTINPE

GXuGX=RSX

CALL PLOT(GX9GYy))
CaLL PLOT(GX9GYeoa201)
CALL PLOT(GX9sG8Ysl)
CONTINUE

CALL SYMBOL (6,542¢59,12,13HTEMP, VS SAL,+0,0413)
CALL SYMBOL (6+592¢0%¢12913AMULTIPLE PLOTsne0e13)
CALL SYMBOL (6e¢S5e1e59,1295HGROUP4040095)
CALL NiMBER(740291e29¢1291IGP90,0+2HI3)

CALL SPACEOD

CALL PLOT(Na40920,093)

IF(TEM(JeJJ) «GEL0+0)GO TO 41

IF (J,GF.30)G0 TO 44

Ja )+

GO TO 40
IF(TEM(JsJJ) L Tew2e0) TEM({JyJJ) B=240
IF(TEM(JyJJ) eBTa350) TEM(JyJJ)a35e0
IF(CAL(JeJU) oL Te32e0)CAL(JsJJ) 23240
IF(CAL (JsJJ) «GTa38e0) CAL(J9JJ) 23860
Yo (TEM(JeJJ) +2,0)%0.250

X2 (CAL(JoJJ) =32,0)%1,5
IF(YeBT.10.0)Y=10.0
IF(YeLTe0e0)Y=0,0

CALL PLOT(XsYe3)

CALL PLOT(XsY92)

IF(J.GF,.30)G0 TO 46

JsJel '

IF(TEM(J,JJ) «GEL0.0)G0 TO 43
IF(JQGFOBﬂ)GO TO0 46

NENLD!
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200
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GO TO 42
IF(TEM(JsJJ) oL Te=24U) TEM{JrJJ) Z=e 0
IF(TEM(JeJJ) «GT ¢35, 0)TEM(JeJJ) 23540
IF(CAL (JUsJJ) oL T¢32.0)CAL(JyJJ)m3260
IF(CAL (JoJJ) eBT438.0)CAL(JoJJ) 23840
Y2(TEM(JrJJ) +2.0)*0.250
X= (CAL (JoJJ)=32,0)%{,5
IF(YaGTel0.0)Ym10a0
IF(YeLT4040)Y=0,0

CALL PLOT(XsY»)
IF(J.6GF,303G0 TO 44
NENES!

GO TO 42

IF (JJeBESNIGO TO 45
JdaJdJ+

J=1

60O TO 4n

CapLl SPACEOD

CALL PLOT(GMAXy0,409=3)
CaLL SPaACEo0O

D=1 MULTIPLF PLOT
GY=0,0

GX2040

J=g

Ju=q

CALL PILLOT(GX9GYy3)

CALL PLOT{(GXsBY,2)

CALL PLOT(GXXeGBYel)
Call PLOT(GXXsGYYsl)
CALL PLOT(GXXeGYe1)
GXmGXX+GXX

CALL PLOT(GX9sGYs)

DO 200 K=1l,7

CALL PLOT(GXeGYYYel)
CALL PLOT(GXeGYy1)
GX=GXerXX

CALL PLOT(GXeGYol)

DO 201 KKelyé

CalLlL PLOT(GX9GYYs1l)
CALL PLOT(GXsBYs1)
GAXuGX+GXX

CALL PLOTU(GXsGYyy)
CONTINUE

CONTINUE

GMAX2GX+4,0

CALL AX(GX,GYeYY)
GGYRGYe(sl

GYG=BY=0,?

NUM=3§

YN=GY+n,l

DO 20~ K=1e7

XNz=GX=( 41

CALL NiiMBFER(XNsYNsolOoNUMe0,092HI2)
NUMENUM=R

CALL PLOT(GXeGY,y3)

CalLLl PLOT(GX9GYs?2)
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CALL PLOT(GXeGYGel)
CALL PLOT(GXeGYs1)
GX=GX=GXX .
CALL PLOT(GXsGY,1)
DO 203 KKmly4
CaLll PLOT(GX9GGYs1)
CALL PLOT(GX9GYy1)
GXeGX=GXX
CALL PLOT(GXsGYy1)
203 CONTINUE
202 CONTINUE
CaLL PLOT(GX9GYGo1l)
XNEGX=n, )
CALL NiMBER(XNsYNse109oNUMs0,092H1I2)
CALL PLOT(GXsGYy3)
Call PLOT(GXeGYy2)
GXeGX=6GXX
CALL PLOT(G6XsGY,1)
CALL PLOT(GX9sGGYs»])
CalL PLOT(GXsGY )
GXxmGX=0XX
CALL PLOT(GX,GY,1)
CALL AXX(GXeGBYoYYsGXX)
CALL SYMBOL(5e092¢59¢12913HDPHs VS TEMP,90,0413)
CALLL SYMBOL{5+s092e09412913HMULTIPLE PLOT90.0413)
CALL SYMBOL(5+0914594129SHGROUP,04045)
CALL NUMBER(5e5291¢99¢129IGP90ane2HI3)
CALL SYMROL(=eg95e09,1299HDEPTH (M) 9504,009)
CALL SYMBOL(3¢3910¢259010sBHTEMP (C)90+09R)
CALL SPACENO
204 CALL PLOT(0409104003)
X20,0
Y=10,0
205 IF(DPH(J,JJ).GE.0.0)GO TO 206
IF(J.GF 430160 TO 211
CalLL PLOT(XsYs3)
J=Jel
Gu TO 205
206 Xm(TEM(JeJJ)*2.0)%#0e2
Y3 (550040~DPH(JsJJ) I #0e001818182
207 CALL PLOT(XeY93)
CALL PLOT(XsY92)
208 J=sJe+)
NPy
209 IF(DPH(J.JJ).GEQQIO)GO T0 210
IF(JeGF 430160 TO 211
Jsgey
NPe3
GO 70 »p9
210 X=(TEM(JeJU)*2.0)%0.2
Y= (55 . 0,0=DPH(JsJJ))I#0,001818182
CALL PLOT(XsYeNP)
IF(J.Gre30160 TO 211
GO TO 208
211 IF (JJ,GE,NYGO TO 212
JdaJJe
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N

GO 70 205

CALL SPACEOO

CALL PLOT(GMAX90e09=3)
caLL SpaCEooO

D=8 MULTIPLE PLOT
GX=0,0

GYI0.0

J=y

JJm

XX80,15

CALL PLOT(GXsGY,43)
CaLl PLOT(GX9GYs2)

DO 213 K=1,6

CaLL PLOT(GXsGYYYs))
CALL PLOT(GXsGY,y1)
GX=GX+XX

CALL PLOT(GXsGYs1)

DO 214 KKm},9

CALL PLOT(GX9GYYsl)
CALL PLOT(GXsGYy1)
GXurGXeXX

CALL PLOT(GX,GY,1)
CONTINUE

CONTINUE

GMAX=GX+4,40

CALL AX(GXosGYoYY)
GGY=EGY=0,1

GYGaGYw(,2

NUMR38

YNmGY¢n,}

DO 21 Kmye6

XNsGXen,1 ’
CALL Ny MBER(XNyYNs» o 109NyMs 0,092HI2)
NUMENUM=]

CALL PLOT(GXsGYs 3}
CalLL PLOT(GX9sGYy2)
CALL PLOT(GXeGYGs1)
CALL PLOT(GXsGYsl)
GXaGXuXX

CALL PLOT(GX»GYs1)

DO 21: KK=149

CALL PLOT(GX9sGGYs1)
CALL PLOT(GXsGYs1)
GXmGX=XX

CALL PLOT(6X96Yy))
CONTINUE

CONTIN,E

XN3GXw(y]

CALL NUMBER(XNeYNsejgoNUMep,092HI2)
CALL PLOT(GXsGYy3)
CALL PLOT(GXeGYs2)
CALL AxX(GXsBYsYYeBxx)
CALL SYMBOL (6¢092¢5¢412912HDPHe VS SALes0.0912)
CALL SYMBOL (60092009129 13HMULTIPLE PLOTene0013)
CALL SYMBOL (£+091s5941295HGROUP90005)
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223

224

225
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60

47

48

49
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CALL N'IMBER (6520199 ¢120IGP90,092H13)
CALL SYMBOL(=e695s09,1299HDEPTH (M) 4904049)
CALL SYMBOL (354102500109 14HSALINITY (PPT)e0.Ns14)
CALL SPACEQ0

CALL pLOT(OQO’lOoO'J)

Xa0,0

Y®10e0

XX=0,1

IF(DPH(JsJJ) e GELD0) GO TO 219
IF(J,GFE.30)G60 TO 224

CALL PLOT(XeYe3)

NENES!

Gv T0 218

X2 (CAL(J9JJ)=32.,0)%1,5

Y= (5500« 0=DPH{JsJJ) 1 #0,001B18182
CALL PLOT(XsY?3)

CALL PLOT(XsYs2)

Js el

NP=?

IF(DPH(J9JJ) «GEL.040)GO TO 223

IF (J«GF,30)G0 TO 224

JaJ+)

NPz3

GO To 722

X8 (CAL(JrJJ)=32,0)*1.5
YE(5500,0=NPH{JsJJ)I*0,0018181R2
CALL PLOT{XesYsNP)

IF(JeBF 430160 TO 224

60 TD 221

IF(JJeGEWNIGD TO 225

JImJJ*

J=y

GN TO »18

CaLL SPaCEnn

CALL PLOT(GMAXeDe09?=3)

CaLL SPaCcEo0N

IF(I155K.B1.n)GO 710 1

J=1

JJmy

IcoL=N

PRINT &n

FORMAY (20H VELOCITY STATISTICS//)
PRINT 7

FORMAT (102H GROUP UEPTH MEAN VAL, ST, DEV, ST. ERROR

FLUE 1 VALUE 2 suM X SUM X#u2 N/7)

N=ap

SUM‘O-f

SUM= L

SSAL:O'O

DO 49 Ju=y1,1COL
IF(VEL(JoJJ) «LT0.0)GO TO 49
SUMEgUMAVEL (JeJJ)
SUUMsSQUMs (VEL (Je JJ) ) #82
SSaL=SSaLecaL(JoeJJ)
NaN+]

CONTINHE
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IF(N4LF.0)GO TO 82

ANgN

ANNEBN

AMFE AN®SUM/AN

ASAL=SSAL/AN

IF (ANNLLE,1.0) ANNZ240

STDEVSSQRT { (SQUM= {AN#AMEAN®#®2) ) / (ANN=1,0))
STFRR=STDEV/SQRT (AN)

STLO=AMEANSTDEV

STHI=AMEANSSTDEV

PRINT =0sIGPsIOH(J) v AMEANSSTDEVsSTERRsSTLOsSTHT 4SUM,SQUMyN
FORMAT (1XsT1693Xs1504XeFBe203XeF106492X9F100403X0FTe204XsFT74202XsFR

$e242X9F164,243%X913)

PUNCH 51,16P,IDH(J) 4STLO,STHI,ASAL,AMEAN,STDEV,STERR
FORMAT()X 14,5x 15o3x-F7.2.3X.F7-2.3on7.2.7x FBozoF10-4.F10.4)
IF(JeGE430)G0 TO 53

NENLD

GO TO 48

1DD==1

PUNCH 5491DD

FORMAT ({1Xs14)

PRINT &5

FORMAT (1H1)

GO T0 »

PRINT 401+1GP

FORMAT (33H TNDX NOS. OUT OF ORDER FOR GROUPs2XsT14+2Xs18H SKIPPING
1GROUP)

PRINT &5

GO TO

CALL PLOT(5,090,00=3)

CALL SPACEqon

caLL StoPPLOT

REWIND 1

REWIND 10

SToP

EnND

SURROUTINE AX{GXeGYsYY)
CGX=GXm0e2

DO 1 Jzle1l1

GY=GYsYY

CALL PLOT(GXeBY,1)

CalL PLOT(GGXsGYs1)
CALL PLOT(GXsGYs1)
CONTINUE

RE TURN

END
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SUBROUTINE AXX(GXsGYsYYsGXX)

NUM=1000 )

GNY=8,121818181

GNX=Ew . ,§

DO 1 J=}1sS

GY=GY=YY

CALL PLOT(GXsGYs1)

CALL PLOT(GXXeGYe1)

CALL PLOT(GXsGYs1)

GYmGY=YY

CALL PLOT(GXsGYs])

CALL PLOT(GXX9GYsl)

CALL PLOT(GX9GYsl)

CalLlL NUMBER(GNXsGNY94129NUMy0,092HI4)

CALL PLOT(GX9GYs3)

CALL PLOT(GX9GYs2)

NUMENUM+1000

GNY=GY=]1,878181818
1 CONTINUE

GYmGY=YY

CALL PLOT(GBXsGYy))

RETURN

END

2.4.4 Sample Output — Program VDTSMUPT produces the following outputs.

1. Multiple plot of sound speed vs depth shown in Fig. 9, having the same dimensions
as 2.3.5 (3).

Legend on bottom left:
Title
MULTIPLE PLOT
GROUP** (number)

2. Multiple plot of temperature vs salinity, shown in Fig. 10, having the same dimen-
sions as 2.3.5 (4).

The legend on bottom right is the same as in item 1 above.

3. Multiple plot of temperature vs depth, shown in Fig. 11, having the same dimensions
as 2.3.5 (1).

The legend on bottom right is the same as in item 1 above.

4. Multiple plot of salinity vs depth, shown in Fig. 12, having the same dimensions
as 2.3.5 (2).
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2000 —
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MULTIPLE PLAT

GRAQUP |
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Fig. 9 — Multiple plot, depth (m) vs sound speed (m/s)
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SALINITY (PPT}

32 33 34 35 36 37 38
TT T T T T T T T T T[T e e A e T T P r T T T it
30— —
25— —
20 — ~—
15 — —
10 — —
L TEMPa VS SRLs
- MULTIPLE PLOT
s N
- GROUP | 4
0 —
pevir i brerv e by e bevrsr s bevrrna sy

Fig. 10 — Multiple plot, temperature (C°) vs salinity (ppt)
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TEMP (©)
0 5 i0 iS5 20 25 30 35
LI O O 05 - I L |
1000 — —
2000 — —
3000 — —
40CD +— —
DPHs VS TEMPa
MULTIPLE PLOT
GAOUP 1
5000 — —
ol vy v by b v e b e b

Fig. 11 — Multiple plot, depth (m) vs temperature (Co)
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1000 — —
2000 — —
- —
3000 +— —
4000 — —
OPHo VS SPLe
MULTIPLE PLOT
CROUP 1
S000 — —
lllIIllJJ|IlllJJlIllJJlllJJlllJllIIIJIIIlllJIlIlJllIlIllIlJ

Fig. 12 — Multiple plot, depth (m) vs salinity (ppt)
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The legend on bottom right is the same as in item 1 above. "All plots are made on a

10-in. plotter.

5. Punched card deck of sound-speed and salinity statistics, referred to as the average
salinity deck. Each group produces a set of up to 31 cards of the following format:

standard depth (0 to a maximum of
mean sound speed minus one standard
mean sound speed plus one standard

average salinity (ppt)
mean sound speed (m/s)

standard deviation (m/s)

Variable Column Format Description
IGP 4-5 I2 Group number
IDH(J) 11-15 15

5000 m)
STLO 19-25 F7.2

deviation (m/s)
STHI 29-35 ¥7.2

deviation (m/s)
ASAL 39-45 F17.2
AMEAN 53-60 F8.2
STDEV 61-70 F10.4
STERR 71-80 F10.4

standard error (m/s)

Last card of each group has -1 in column 4-5.

6. Printout having one page per group, shown in Fig. 13. Each column of the print-

out is noted below.

Column

Description

1

2

Group number

standard depth (m)

mean sound speed (m/s)

standard deviation (m/s)

standard error (m/s)

mean sound speed minus one standard deviation (m/s)

mean sound speed plus one standard deviation (m/s)
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Column Description

8 sum of the sound speeds in the group (m/s)
9 square of the sum of the sound speeds in the group (m2/s2)
10 number of sound speeds in each sum

VELDCITY STATISTICS

GROUP DEPTH MEAN VAL STs UEV. ST. ERROR VALUF 1 VALUF 2 SUM X SUM X#a3 .
1 n 1539,73 144347 n,3704  1538.3n 1541417 23996,07 35861709,88 15
1 10 1539,7) 14429 043725 153R,.26 1541+15 23n958,6n 1556n4TR 44 15
1 20 1539,4)1 1.668) 0.4307 1537.75 1541608 2309142~ 3A5546960,172 113
1 30 1539,15 15501 04002 1537460 154070 23487,2¢ 35534620,56 1S
1 So 153R.59 193405 ne346] 153725 153%¢93 23n78.8n 3550R759,.12 15
1 75 1537.77 1.3563 0.3%02 153644 1539.12 23066,5n 3547n0920.57 15
1 100 1536.27 1.6616 0.4342 1534459 1537.05 230464,10 35402075,91 18
1 125 1534,09 2.0331 0,5434 1532405 15364172 21477.2n 32967919,46 14
1 150 1531.59 240481 Ne5474 152954 153364 21462.30 32R4n92R, 05 14
1 2no 1526,45 241707 0.5801 1524.28 1528462 21370430 32620755,69 14
1 250 1522.49 2416190 0.5776 1520433 152465 21316,91 32651863,7 164
1 300 1518,96 2.8392 0.7588 1516417 1521.8n0 21265.50 32301639,R1 14
1 400 1512,.,99 40264 1.2733  1508.96 151702 15129.9n P2R91533.3 10
1 500 15064728 4e1667 1.3176 150211 151045 15062480 226RBR95n,64 0
1 600 15n1.20 23696 n.7899 164698,.83 1503457 13510480 ?0282457,.88 9
1 Tno 1495,96 246843 0.8948  1493.27 1498.64 13663,69 20141006 ,86 [}
1 Bop 1492.84 245539 0.8510 1490?29 149546y 13435,6n 20057312.96 L]
1 900 1491 .68 1.7285 06111 14689.95 1493¢4pn 11933,4n 17R0nT75,36 A
1 1000 1491.53 17951 0e7329 1689.74 149333 8949,2- 1334Bn46,22 6
1 1100 1491.62 15786 ne7069 149004 1493420 7458, n 11126661 .09 5
1 1200 1491.92 1.3387 n.5987 1499.58 149326  T7459,6p 11129133.6n ]
1 1300 1492.24 14197} 05354 1491404 1493¢66 7461421 11133906,.82 5
1 1400 1492.77 09176 Ne41p3 149180 1493464 7463,60n 11141458,36 5
1 1500 1493.34 06929 03099 149261 1493.99 76466,5n 11149726.37 5
1 1750 1495,70 0.4898 n,2191 1495421 1496419  7478,5n 11185593,4} 5
1 2000 1498 ,46 0,3579 n,1601 1468,10 1498,82  7492,3n 11226912,37 5
1 2500 15n4 ,R8 0,1923 0,7860 15n4,66 1505,07 7524 40 11323319,2?7 3
1 3000 1511,94 0,3437 0,1537 1511,60 1512,28  7559,7- 11429813 ,29 5
1 4000 1527,60 0,1000 0,n578 1527,50 1827,70 4582, 8n TnOnE8S 3p 3
1 5000 1544 ,37 0,3215 0,1856  1544,05 1564 ,60 4433 \n 7155205 41 3

Fig. 13 — Printout of velocity statistics produced by Program VDTSMUPT

2.5 Sound Speed Calculation and Plot (SSCPDN)

Each temperature profile should now be examined using the depth vs temperature
multiple plot from Sec. 2.4.4(3) and the chart produced in Sec. 2.2. The character of
the profile and its relationship to the positions of the grouped Nansen casts should be
considered in order to assign to each profile one of the group numbers (Sec. 2.3.1). This
is the number that should appear on Card 2 (title card), columns 77-78, of the tempera-
ture profile deck of Sec. 1.2.

Program SSCPDN calculates sound speed for each value of the temperature deck using
the first three terms of Leroy’s second formula. The value of salinity at any given depth
is found by linearly interpolating the salinity vs depth data. A printout and/or punched
card deck is produced as well as a depth vs sound-speed plot. The plot consists of the
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calculated sound speeds denoted by an octagon symbol. Two additional plots are created

by adding and subtracting the archival standard deviation from the mean sound speed. These
two traces can be used to extend the calculated sound speeds to the ocean bottom. Any of
the three output options — printout, punched cards, and plots — may be suppressed, but if
the printout is omitted the punch card deck will also be omitted.

2.5.1 Leroy’s Second Formula — The second formula of Leory is
V(sound speed m/s) = VO + VA + VB + VC + VD,

where

VO = 1493.0 + 3(T-10.0) - 6X10°3 (T-10.0)2 - 4X102 (T-18.0)2
+ 1.2(S-35.0) - 102 (T-18.0) (S-35.0) + Z/61.0

VA= 10162 + 2X10482 (T-18.0)2 + 10°16¢/90.0

VB = 2.6X10 T(T-S) (T-25.0)

VC = 10-352 (5-4.0) (5-8.0)

VD = 1.5X103 (8-35.0)2 (1.0-¢) + 3.0X10-6T2 (T-30.0) (S-35.0),

in which
T = temperature (C)
S = salinity (ppt)
Z = depth (m)
6 = depth (km) = Z/1000.0

¢ = latitude in degrees and fractions of a degree.

The first three terms (VO0, VA, VB) are accurate to 0.3 m/s as compared to Wilson’s
second equation for temperature -2 to 80°C, salinities 30 to 42ppt, and depths 0 to 7200
m. Because these conditions cover most of the world’s oceans, the program was limited
to the first three terms, but it can easily be modified to include all five terms if necessary.

2.5.2 Depth vs Salinity — Many programs which calculate sound speed use the tempera-
ture vs salinity profile for obtaining a value of salinity. Because of this, program SSCPDN
provides for using such input profiles. Unfortunately, there are large areas of the ocean where
currents such as the Gulf Stream cause so much mixing that a particular temperature value can
have more than one value of salinity. Handling such multivalued functions leads to serious
problems. The single-valued salinity as a function of depth seemed a simple solution, and
with this in mind the punched card deck described in Sec. 2.4.4 (5) was produced as primary
input to this program.
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2.5.3 Program Control Cards
1JOB,...
EEQUIP,10=**,WO,LO,DA (plot tape)
TFTN,LX,R
Fortran source deck
Scope

7
TLOAD

2.5.4 Input Control end Data Cards

Card 1: control card

Variable Column Format Description

IGP 1-3 13 =(0; depth vs salinity input profiles
=1; temperature vs salinity input profiles

NGP 4-6 I3 less than or equal to 10
highest Group number (for example, if
we have assigned Group numbers 1, 4,
8, then NGP = 8)

IPSK 7-9 13 =-1; no printout or punched cards
=0; printout, punched card deck, and
plot for no punched card deck, see IPUS
=1; no plots

IYR 10-12 13 year profile was taken (example IYR=74)
used on the plots

1PUS 13-15 13 =1 and IPSK=90; no punched card depth
vs sound-speed deck
=1 and IPSK=-1; no punched cards no
matter what the value of IPUS
=0 and IPSK=0; punched card deck
produced

IPRP 16-18 13 number of points to skip between the
plotting of the symbol on the plot of
the calculated sound speeds, all points
are connected by a straight line
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Variable Column Format Description

=0; every calculated point will have a
symbol

IAVV 19-21 13 =1; the statistical limits of the sound
speed will not be plotted; this will be
the case if the temperature vs salinity
input deck option is chosen or if the
extra plotting is to be omitted from
the depth vs salinity input option.
=0; limits will be plotted

EOF card will terminate the program.
Card 2 to N: IGP=0 option, depth-salinity deck from Sec. 2.4.4(5)

Variable Column Format Description

1G 4-5 12 Group number
IDH 11-15 I5 standard depth (m)
SPA 19-25 F7.2 mean sound speed minus standard

deviation (m/s)

SPB 29-35 F17.2 mean sound speed plus standard
deviation (m/s)

ASAL 39-45 F7.2  average salinity (ppt)
CAUTION: Up to ten groups of 31 cards may be read in with the
depth increasing. Each group is terminated when IG =-1 is read, and
the entire set of groups is terminated when IG =NGP. The deepest

depth of any group must exceed the maximum depth of any input
temperature profile.

Card 2 to N: IGP=1 option, temperature vs salinity deck

Variable Column Format Description

1G 4-5 12 Group number
TEMP 11-20 F10.2 temperature (C)
ASAL 21-30 F10.2 average salinity (ppt)
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CAUTION: Up to ten groups of 30 temperature-salinity pairs may
be read in. Each group is terminated when IG=-1, and the entire set
of groups is terminated when IG = NGP. The order must decrease
from the highest temperature. The range of temperatures must ex-
ceed all temperature profile values of a given group.

Card N+1 to M: IGP=1 and IAVV=1 option, sound-speed limits deck

Variable Column Format Description

1G 4-5 12 Group number

IDH 11-15 I5 standard depth (m)

SPA 19-25 F7.2 lower limit of the sound speed (m/s)
SPB 29-35 F7.2 upper limit of the sound speed (m/s)

CAUTION: This deck is needed when, even though a temperature
vs salinity profile approach was used, a plot having the statistical
limits of the sound speed is desired. The number of groups should
correspond to those of option IGP=1. Each group is terminated
when IG=-1, and the entire set is terminated when IG = NGP.

Cards M to K: temperature profile deck

This is the deck described in Sec. 1.2.

Procedure:

The temperature deck will be read in and each profile processed using the appropriate
salinity group until an EOF card is encountered; then the program will loop back to Card 1
(control card) to repeat the whole process on a new set of average salinity and temperature
profile cards. When an EOF card is encountered when Card 1 is read, the program will
terminate.

The running time of this program depends on the length and number of temperature

profiles. It is approximately 5s per profile. For most cases the total run will not exceed
5 min.

53

AITITSSYIIND



e NeNe]

leNelesEeRsReEeNeRe o Re Re )

[g)

s ReRe]

D.A. NUTILE

2.5.5 Program SSCPDN Fortran Source Listing

N -

€2
4
5
6

7

Lo ]

11
12

13

PROGRAM SSCPLA
PROGRAM CALCLLATES SEULND SFEEL FR&M XpT PROFILE USING DEPTH-SAL,
BR YEMP=SAL, PROFJLES, USING LEKEYS SeCOND EGQUATIAON THE FIRST
THREE TERMS
DIMENSTION IDT(450),TT(450),VEL(450),DVv(450),PLTARRAY(254),PD(450),
1PV(450Q)
CEMMON/GDS/GL(10,3C),GVA(L1C,30
CEMMEN/GTS/GT(10.30),687¢10,230
CALL PLOTS(PLTARRAY,254,10)
READ 2/ ]GPINGF, [PSKyIYRyIPLS IPRP,TAVY
FERMATI(713)
CENTREL CARD IGPs ,LE, 0 ThEN LEFTHeSAL PROFILES
= ,CT. 0 THEN TEMFa SAL PROFILES
NGPs NE, OF LARGESY GROLP ,LE. 10
0
0

YeGVB(10,30)935(10,30)
)

[PSK=s [T, NE PRINTEYUT JUST PLATS
1EG, EGTh FRINTOLUT AND PLOTS
€T, 0 NE FLETS JUST PRINTQUT
1YR= YEAR EF PREFILES
IPUS3s ,€&T, 0 NC LEFThevEL CARDS PUNCHED
LE. 0 PUNCHES CARLS
[PRPz NG, OF FEINTS T& SKIP BETWEEN PLOT SYMEGL
JAVV=s ,CGT,0 NE VEL LIMITS DECK ONLY T+S DECK
GR SKIF FLOTTING VEL LIMITS
1F(EQF,60)100,3
16P=0 - READ IN GREUF, DEPTF, LEWEFR VEL, UPPER VEL, AVE, SAlL DFCX
IFCIGP.LE,0) CALL CPSALINGP)
16P=1 - READ JN TEMPERATLRE , SALIN]TY DECK
1F VEL LIM]TS DESIREC TCECK wWITh FERMAT OF DEPTH SaL DECK MUSY BE
INSERTED AFTER TS DECK
IFCIGP.GT,0) CALL TEMPSAL(NGF)
IF(JAYV,GT,0)CGE Tg 62
JFCIGP.GT,0) CALL CPEAL(NGF)
JFCIPRP,LE Q) |PRP=1
READ 5, ]AA
FECRMAT(]4)
READ 7,NUM,JE,IM@:1£‘:IHF,IPh,NPE:TMF,LA,LAM;NLA:L@,L@M,NL@:NPP,MS
$0,MDSQ. IGS, [CEF
FERMAT(AX, 133X, 13, 1%, 12,4%,12,0X,0202%, 121X, A2,1%,F4,3,1X,12,1%,
$IE.A1,1X-13,1X.12.A1.1Xch2o3xll3a7x,12,15X,12,1X,11>
XBY T]TLE CARL FORMAT
IF(EEF»63)1,8
READ 5,]AA
NEl
NAEN+S
READ DEPTHeTEMP NMLST FAVE FERE ThAN GNE CARD

READ 12,NOM, (DT 2 TTCI), 18N AND
FERMATULX, I3,6(]15,F6,2))

NENN+]

JF(NEM.EQ,NUM)IGE TC 10

NNENN~6

NEZNN=H

DE 13 JJJEN AN
JFCTTC(JJI) 1 LE,0,00CE TE 14
NFLINNN|

CENTINUE
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14 J=i
Mel
15 CPHsIDT(J)

TEP=TT () _

1FCIGP.LE, Q) CALL SALDFH(DFR,;SALIN,]GS)

IFCIGP.GT,0) CALL SALTEM(TEP,SALIN,]GS)

C=DPKH/10U0+0

ALASFLOAT(LAYS(FLEAT(LAMY/Z60,0)

VER1493,0¢3,08(TT( )-1040)86,0010.0%%(~3)8(TT(J)~-10,0)%%2=4,0¢10,0
193 (w2)o(TT(J)ed8,0)99241,26(SALIN-35,0)e10,0%#(e2)u(TT(J}"d8,0)8(S
ZALIN®3S,0)4DPKR/61.0

VA3410,00*({»1)eDsDeZ,0%40,098(=4)eDeDs(TT(J)wiB8,0)*02+10,0*%(~1)nD»
1ALA/90.0

VES2 ,6¢40,08%(«a)eTT(JIS(TT(,)=2,0)8(TT(J)»25,0)

DV(MYaDPH

VEL(M)=VBeVA+VB

MEMed

JEJel

[FOLER,JJY*1IGE TE 16

GE TO 1%

16 TFCIPSK,LT,0)G8 Tg 5¢

PRINT 7 ,NUM, L, IME, LA, IRRyIMN,NPB ) TMF oL A, LAM NLA,LO+LOM,NLO,NPP M

$SG/MDSG, 1G5, 1CGF

M’M-i
M8 NB, @F DPMeVEL VALUES
PRINT 18
18 FERMAT(2H /)
PRINT 200

200 FERMAT(8O0M DPHIM) S, SPL LPH(M) S, SPD DPH(M) S, SPD DPH(M)
$ S, SPD DPHIMY S, SPL )
JFCIPYS,GT, 060 Tg 6%
PUNCH 7 ,NUM JL IMB, ILA, IR, IMN NPE, TMF, LA LAMNLA,LO)LOM ,NLO,NPP M
$5G,MDSQ, 1G5, 1COF
DV(])sDEPTH, VEL(])=VELDCITY
€1 PRINT 49,(DVCIY,VEL(1),]=21,V)
IFCIPUS,GT,0)60 Tg 6C
PUNCH 19,(DVC]Y, VEL(I)Y s l=1,M)
19 FERMAT(5(FB,2,F8,2))
60 PRINT 20
¢0 FERMATI(2H ///)
S0 IF(]PSK,GT,0)GE T¢ &
CENSTRUCT GRIL
YY20,909390906¢
GXxXg20,2
GYYY=Q.2
CALy PLOT(0,0,0,0,3?
CALL PLOT(0,0,0,0,2)
GXxap,0
GY=0,0
XXXz1,0
CE 21 K=1,11
GX=GgXeXXX
CALL, PLBT(GX,CY,1)
CALL PLOT(GX,GYYY, 1)
CALL PLOT(GX,GY, 1)
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CENTINUVE

GMAXE(X+4,0

CALL AX(GX)GY,YY)

KLMz1%5¢0

CALL NUMBER(10,8+4041,412,K\¥,0,0,2H14)
CALL PLOT(GX,GY,3)

CALL PLOT(GX,6Y,2)

GYYYYaGY-GYYY

D¢ 22 K=1i,11

GX3GXeXXX

CALL PLOT(GX,CY,1)

CALL PLOT(GX,GYYYY, 1)

CALL PLOT(GX,CY, 1)

CENTINUE

KLM=21440

CALL NUMBER(w,2,10.4,,12/KLVM,0.0,2k]4)
CALL SYMBOL(4,2,10,1,,12,14FVELECITY (M/S),;0.0,14)
CALL PLOT(GX,CY,;3)

CALL PLOT(GX,CY,2)

CALL AXX(GX,GY,YY,GXX)

CAL| SYMBOL(e,6,5,C,,12/)5HEEFTR (M),90.0,9)
CALL SYMBOL(,5,2.5,,12915HLFF, VS §, SPD,.,0,0,15)
CALL SYMBBL(,5:2.0,¢12)11HFREFILE NO+y0,0,11)
CALL NUMBER(1,73,2,0,,12,NLV0,0,2F]3)
CALL NUMBER(,5,1.9,+42,1¥6,0,0,2KH]2)
CALL SYMBOL(,76,1,5),12)1H/:0,041)
CALL NUMBER(,91:1.,5+,1241DA,0,042kK12)
CALL SYMBOL(1,17+1,5,,12+1k/,0.0,1)
CALl, NUMBER(1,32,1.54,12,]1YF,0,0,2kr]2)
ITMz(JHR*3100 )+ IMN

CALL NUMBER(1,8,1.5,,12,17V40,042H]14)
CALL SYMBOL(2,26.:4.5,,12,1k2,0,0,1)
PLOT PROFILE

CFAC=(.,00181818

DE 23 l=1,M

PY(])s(VEL(])e1440,0)%,1
PL(1?8(5500,0=DV(]))sDFAC
!F(PV‘I’-LT|0'O,PV(l)=0'0
lF(PV(l)-GT.11|0’FV(13=11.0
IF(PD<I)'LT|°'0)pE‘l)=GIU
IF(PD¢I).GT,10,0)RC(1)210,C

CENTINUE

CALL LINE(PV,FDM,1+1,.,.04,41FRF)

CALL PL@T(°|UOO|00'J>

CALL SPACE(QO

PLOT |,OWER AVE, SELNP SPEEL
IFCJAVY,GT,0)GE T¢ &

DE 24 131|30

IF(GVACIGS, ], T.0,0)GE TO 25
PY(])a(GVA(]GS,])~1440,0)=,1
PL(])=(5500,0-GD(ICS,]))eDFAC
TFCRPVCTL) LT, 0,0)PV(]1)=0,0

IFPV(l) GT,13,00PV(1)=11,0

IFCPD(L) LT,0,0)PC(])20,0
IF(PD(I).GT,10,0)RCC])=10,0

vEl
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CENTINVE

CALL LINE(PV,PD,Js39=3+.01,1)
PLOT UPPER AVE, SEUNL E€PEEC
DE 26 I=4,J
PYC])s(GVBL]GSy[)~1440,0),1
TFPVEDY T 40,0)PVETIR0,0
IFCPVELY.GT,11,0)PV(])21L,0
CENTINUE

CALL LINE(PViPD,Je11°3,.:03,3)
CALL PLOT(GMAX,0.,0,=2)

CALL SPACEDQ

GE TO 6

CALL SPACEDQ

CALL STePPLOT

END

SULBROUTINE DRSALINCP)

READS IN DEPTH,VEL,AVE, SALINITY PRGFJLES
CEMMEN/GDS/GR(10,30),GVA(10,30),GVB(10,30),65(10.30)
DE 1 J=1,10

pe 2 JJ=1,30

GLUJaJWI1==99,0

GVA(J,JJ)B'99.0

BVB(J,JJ)E"99,0

GS{JeJJ)®=99,0

CENTINUE

CENTINUE

N3l

READ %, }G,1Dk,SPA,SPE,ASAL

FERMAT(1X, 145X 18, 8X% F7.2,3%2F7,2,)3X4F7.2)
IFCIG,LE.Q)GE TO iC

GL(IG,N)=]DH

GVA(IG)N)=SPA

GVB(IG)N)=SPB

GS(]G,N)®ASAL

NENeY

1GGzIG

GE TG 4

IFCIGG.GENGP)GQ TE 20

GE TO ¢

RETYRN

END

SLBROUTINE TEFPSAL (NGP)
CEMMON/GTS/GT(10,30),GST(10,30)
READS IN TEMReSAL FREFILES

Ne 1 J=1,30

LE 2 JJ21,30

CT(JaJJI=99,(

GST(Jpdy)av99,0
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2 CENTINUE

1 CENTINUVE

3 Nzt

4 READ 5,]G,YEMF,ASA|
1FC16,LE.0)GE T@ 30
GT(]G,N)=TEMP
GST(IGIN)=ASAL
16Gr1G
NeNai
GE 16 4

10 IF{]GG.GE,NGP)GO Y€ 20
GE TE 3

20 RETURN
END

SULHBROUTINE SALDPH(LPR,SALIN,1GS)
CEMMEN/GDS/GC(10436),6GVA(10,30),GVE(10,30),35(10,30)

C CALCULATE SALIN]TY FREV CPW=8AL
1 Js2
2 IF(GEC(1GS,J),GE,DFFICE TE T
NENES
GE Y& 2

3 SALIN=(GS(IGS)J)I=((CDC]IGS)w)=LPR)/(GLC]GS+J)eGDIGS)J=21) )" (GS(]IGS
1,)=GS01GSyJd=1)))

RETURN

END

SUBRBUTINE SALTEM(TEF,SALIN(]GS)

C CALCULATES SALINITY FREM TENMP=SAL
CEMMBN/GTS/GT(10,30?,GET (10,30
1 Js2?2
2 1F(GT(IGS,;J),LE,TEF}GE TE 3
JeJeld
GE T© 2

3 SALINs(GSTEIGS ) M) w((GT(IGS )W) -TEPI/{GT(IGS, ) mGT(IGS )J=1) )% (GET(]
168, 4)-GST(IGS,J1)))
RE TURN
END

SLBROYTINE AX(GXsGYsYY)
GGX5GX=0,2

DE 1 J=1,11

GY=GYeYY

CALL PLET(GX,GY,1)

CALL PLET(GGX,GY,1)
CALL PLET(GX4GY, 1)
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1 CENTINVE
RETURN
END

SUBROUTINE AXX(GX,CGY,YY,GXX)

NUM31000

GNhNYs8,121818181

GANXaw0,5

DE 1 J3L.5

GYaGYeYY

CALL PLOT(GX,GY,1) '

CALL PLOT(GXX,GY,1)

CALL PLOT(GX,GY,1)

GYSGYsYY

CALL PLBT(GX,GY,1)

CALL PLET(GXX,GY,1)

CALL PLOT(GX,GY,1)

CALL NUMBER(GNX,GAY, 32,NUV,0,0;2K]4)

CALL PLOT(GX,GY,3)

CALL PLOT(GX.GY,2)

NUMzNUM«1000

GANYsGY~1,87818181¢8
1 CENTINUE

GYSGYeYY

CALL PLOT(GX,GY 1)

RETURN

END

2.5.6 Sample Output — Program SSCPDN produces the following outputs:

1. Plot of sound speed (1440 to 1550 m) on a 27.9-cm abscissa vs depth (0 to 5000
m) on a 25.4-cm ordinate, shown in Fig. 14. Each calculated sound speed is denoted by
an octagon symbol. The values obtained by adding and subtracting one standard deviation
from the mean sound speed are connected by straight lines. Plots are made on a 10-in.
plotter.

Legend on bottom left:
Title
PROFILE NO. #**%*
Date and time (example: 5/9/74 2230Z)
2. Punched card deck consisting of a title card followed by pairs of depth (m), and

sound-speed (m/s) values, five sets of values to a card. This deck, called the sound-speed
deck, has the following format:
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1440 VELOCITY t™/5) 1550
[ | I
1000 +— —~
2000 — —
3000 — —
4000 {— —
DPHo VS So SPDo
PAOFILE N0 6
S/ 9/74 2230%
5000 — 7
I | | I ! I I I I |

Fig. 14 — Calcomp plot of calculated sound speed (square symbols). Solid line, plot of one standard
deviation above and below archival grouped average sound speeds.

Card 1: Title Card

Column Format Description

3-4 I2 Profile number same as temperature profile number
6-8 13 Julian day

10-11 12 number of the month

13-14 I2 day of the month

16-17 12 hour (Zulu)
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Column Format Description
19-20 12 minute
22-23 A2 type of XBT probe used (if given)
25-28 F4.2 surface temperature (if given)
30-31 12 latitude degrees
33-34 12 latitude minutes
35 Al Nor S
37-39 13 longitude degrees
41-42 I2 longitude minutes
43 Al EorW
45-46 A2 type of XBT paper used (if given)
50-52 13 Marsden square (if given)
60-61 12 1° degree square (if given)
77-78 12 salinity group number
80 I1 profile confidence indicator,

=1; profile good
=(); profile doubtful

Card 2 to N: sound-speed data deck

Column Format Description
1-8 F8.2 depth (m)
9-16 F8.2 sound speed (m/s)
17-24 F8.2 depth (m)
etc. pairs of values repeated five to a card, until all

Each temperature profile produces a sound-speed profile deck having the above format.

values punched
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3. Printout of title and sound-speed profiles having the same format as the punched
cards, shown in Fig. 15.

1129 5 § 10 30 T5 25,6 19 40N 60 XEw 15 as 90 11
CPH(M)Y §, SPT  DFKH(M) S, SPD [LFK(M) S, SPC DPH(M) S. SPD DPH(M) S, SPD
0,00 1537,47 13,00 1537,2¢ 21,00 1837,53 25,00 1536,93 29,00 1537,27
43.00 1536,20 61,50 1535,68 65,00 1535,30 73,00 153,49 79,00 1535,15
82,00 1535,47 91,00 1534,9¢ 96,00 1535,57 104,00 1535,69 137,00 1534,40
144,00 1533,77 150,.0 1533,87 176,00 1531,17 209,00 1527,82 222,00 1526,05
237,00 1525,11 258,30 1523,5% 285,00 1521,92 346,00 1520,28 388,00 1519,28
460,00 1%14,5€ 505,40 1511,89 531,00 1511,25 616,00 1506.66 685,00 1501.27
B804.00 1454,51 826,00 1453,71 847,00 1492,9C 867,00 1492,83 880,00 1492,27
RB4.00 1491,55 962,00 1451,1¢ 1C46,00 1451,51 1247,00 1492,98 1446,00 1494,30
1641.00 1456,34 1848,u0 1499,44
2 129 5 9 12 30 17 29,6 19 55N 60 14w 15 43 90 11
CPR(M) §, SPD DPH(M) S, SPD LER(M)Y S, SPL DPPR(M) S. SPD DPHI{M) S, §PD
0,00 1527,00 6,00 1537,12 S,00 1836,54 13,00 1536,82 15,00 1536,64
18,00 1536,2¢ 23,00 1536,16 25,00 1536,08 38,00 1536,07 47,00 1534,30
52.00 1835%,6°% 56,00 1536,04 6¢,00 1535,81 94,00 1535,77 113,00 153%,69
128,00 15235,73 138,00 1535,6€ 147,00 153%,37 150,00 153,62 153,00 1535,41
159.00 15¢4,99 166,00 1534,84 171,00 1534,40 177,00 1533,47 182,00 1532,76
185,00 1532,03 190,00 1531,58 195,60 4530,33 202,00 1529,89 213,00 1527,59
221,00 4526,30 226,00 15c¢6,92 239,00 155,69 245,00 152,48 283,00 1521.90
330.00 1519,7% 385,50 1%517,4z 423.00 1%15,07 4%0,00 1513,17 478,00 1510,58
538.00 1506,99 564,50 1505,97 580,00 1503,75 597,00 1502,92 671,00 1498,90
729.00 14%4,85 800,00 14%2,52 €3z,00 1462,65
5 129 5 § 18 30 15 26,1 20 24N 60 Zzw 15 79 0 11
CPR(M) S, SPT  DPH(M) S, SPD LFK(M) S, SFL DPH(M)} S. SPD DpPH(M) S, SPD
0.00 1537,00 6,30 1537,12 G.00 1536,94 11,00 1536,52 16,00 1534,44
26,00 1535,7¢ 46,40 155,55 45,00 334,50 61,00 1534,71 85,00 1534,31
104,00 1535,75 111,00 1535,8% 117,00 1535,52 147,00 153>,82 166,00 1534,59
179.00 1531,95 195,00 158,97 205,00 1528,85 225,00 1527,19 243,00 152%5,46
?63.00 1523.,41 293,JC 1522,00 243,00 1520,88 400,00 1517,60 448,00 1516,00
465.00 1513,99 511,00 15114,31 ©56,00 109,59 5¥2,00 1507,02 641,00 1503,87
678.00 1501,85 697,.0 101,43 742,00 1459,56 792,00 1496,22 842,00 1494,74
B93.0G0 1453,2¢ 1042,00 14%2,63 1142,00 1453,61 1292,00 1494,15 1491,00 1495,06
16472.00 1456,77 1792,.0 1468,Bt 1€74,00 1500,67 1990,00 1501,81

Fig. 15 — Printout of calculated sound-speed profile

2.6 Report Plots (XREPDN and SSDSDN)

This final set of two programs plots the temperature profile, sound-speed, and archival
average salinity decks in a condensed format suitable for reproduction in a report. Six tem-
perature and sound speed profiles and three average salinity profiles are produced on a page-
sized plot.

Program XREPDN plots the temperature deck, while Program SSDSDN plots the sound-
speed and average salinity decks. All the sound-speed profiles of a set are plotted, followed
by the salinity profiles that were used in their calculation. Program XREPDN will be dis-
cussed first, then program SSDSDN.
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2.6.1 Program Control Cards (XREPDN) — Same as Section 2.5.4.
2.6.2 Data Cards

Card 1 to N: temperature deck (described in Section 1.2). An EOF card at the end
of the deck will terminate the program.

2.6.3 Program XREPDN Fortran Source Listing

PROGRAM XREPCA
PROGRAM PLOTS XBT LIGITIZEL [ATA FER DATA REPQRTY
SIX PLATS TO A PAGE ~ L. NUIILE
DIMENSI@N JD(100).TP(100),X(100),Y(100),PLTAKRAY(254)
DIMENSIGN ID(S00),TP(900),X(500),7(900),PLTARRAY(254)
CALL PLOTS(PLTARRAYZ54,10)
XAXz2,5
YAXa3,0
TFAXE3O, -
DMAX=200.,0
1CMAX=200
1TMAX=3D
MNUmO
TFACSXAX/TMAX
CFACaYAX/DMAX
READ 2,]A
FERMAT(]2)
NP=1
CALL PLOT(0,045,0,~3)
4 READ 5,NOM, JD,IMR,MIN,ICEF
5 FERMAT(LX,I34]4,7x,12,4X:12:86%,10)
1F(EOF,6U)100.6
READ 2,14
NEi
Nh=Ne5
READ 9+NUM, (ILCI),TRPLIY»12N0NN)
9 FERMAT(LX,13,6(]5,F6.2))

NENN+1

IF (NUM.EG,NOM)GE 1C 8

NN=NN-6

NENN=5

IF(NLLT,0)G0 16 4

DE 10 JJJ=N,NA

IF(TP(JJIYLE,0,0)CE TE 11

Vv EJdd
10 CENTINUE
11 CALL PL@T(01000|012’

CALL PL@T(XAXDOOOI1)

CALL PLET(XAX,YAX,1)

X 1)
0,1)

e Xe Ny

4 IO o

0~ O

CALL PLOT(0,0,YA
CALL PLOT(0,0.0,
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IF(NP,GT.1)GE T 12

CALL NUMBER(®,5,~.06,,12,ICMAX,0,0,2H]4)
CAL|, SYMBOL(w,18,1,0%,.42,SHCEPTH (M),90.0,9)
CALL NUMBER(#»,19,2.94,,12,¥\L,0,0,2H1})
CALL NUMBER(» ,03:3,12+.12,MNL,D40,2HIL)
CALL SYMBOL(,86,3.12,,12,8RTEFP (C),0,0,8)
CALL NUMBER(2,4,3,12,,412,1TMFAX,0,0,2H]2)
DE 13 Jel,JJd

IFCID(J)GTICMAXICE TE 14
XCJ)RTP(J)#TFAL

Y(J)S (DMAX=FLEAT(IT (. )))sDFAC

NANz

CENTINUE

CALL LINE(X Y,NNs1,-1,.01,0)
ITMER(IHR«100)&MIA

CALL NUMBER(,Z25,4+,32/9).0,0%50,2H]3)

CALL, NUMBER(,69,+1,+12:1TME»0,042R14)
CALL SYMBOL(1,10,,10,42,3H2,0,0,44)
IFCICOF LT 1)CALL SYMBEL(2t4,,10422,44,0.0,%1)
IF(NP,EQ.3)GE TG 20

IF(NP,EQ.8)GE TR 21

NPENP+1

IF(NP,LE.3)CALL PLET(XAX,5%0,-3)
IF(NP,GT.3ICALL PLET(XAX,2%0,-3)

GE 70 4

XX=2,0%XAX

NP=NP+1,

CALL PLET(=XX,2,0,+3)

GE 7O 4

XXZXAX+4.0

CALL PLOT(XX,0,0,~3)

CALL SPACEDO

GE TE 3

CALL SPACEQOD

CALL STOPPLOT

s$Y0P

END

2.6.4 Sample Output — Program XREPDN produces six plots of depth (0 to 2000
m) (ordinate) vs temperature (0 to 30°C) (abscissa), on a 10-in. plotter, as shown in Fig.
16. Each plot is 6.35 cm (2.5 in.) by 7.62 cm (3 in.), with an overall dimension of 19.05
em (7.5 in.) by 15.24 cm (6 in.). Only the first plot on the top left side of the page is
labeled. The plots are ordered left to right, top to bottom. If a profile was marked as
doubtful, an asterisk (*) is plotted in the lower right corner of the plot.

Legend on bottom left:

Julian day and time Z (example: 129 1030Z)
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0 TEMP (0) 30
o]
S
b
=
[
w
S
128 10302 129 12302 1 18302
2000
129 22307 130 302 x| 131 2302

Fig. 16 — Calcomp plots of six temperature profiles, Asterisk denotes
a profile noted as doubtful.

2. Program SSDSDN

2.6.5 Program Control Cards (SSDSDN) — Same as Sec. 2.5.3.

2.6.6 Input Control and Data Cards

Card 1: control card

=]1; sound-speed plots
=0; no sound-speed plots

=1; archival average salinity plot
=0; no salinity plot

Group number (largest) of the last
average salinity group

number of points to skip between
plotting symbol (same as IPRP of

minimum sound-speed limit of plot (m/s)

Variable Column Format Description
IDSS 2 Il

IDSL 3 I1

NGP 4-5 12

NPL 7-8 12

Sec. 2.5.4)

VMIN 11-20 F10.2

VMAX 21-30 F10.2

maximum sound-speed limit of plot (m/s)
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Variable Column Format Description

DMAX 31-40 F10.2 maximum depth of sound-speed plot (m)

DSMAX 41-50 ¥10.2 maximum depth of average salinity plot
(m)

SMIN 51-60 F10.2 minimum value of salinity plot (ppt)

SMAX 61-70 ¥10.2 maximum value of salinity plot (ppt)

XAX 71-75 F5.2 length of X (sound speed or salinity)

axis in inches
YAX 76-80 F5.2 length of Y (depth) axis in inches

CAUTION: The dimensions of the average salinity plots will be XAX
by 2 YAX inches.

Card 2 to N: IDSL =1 option
Average salinity deck as described in Sec. 2.4.4(5) or Sec. 2.5.4.

Card N+1 to M: IDSS = 1 option

Depth vs sound-speed deck (including title cards) as described in Sec. 2.5.6(2). Insert
blank cards as described in procedures below.

Procedures:

A Dblank card must be inserted after the last depth vs sound speed card and before the
next title card of each profile. Do not place a blank card before the first title card of a
set. An EOF card ends a set and the program goes to Card 1 (control card) for a new set
of average salinities and sound speeds. When an EOF card is read in the Card 1 position
the program terminates. Both input decks (average salinity and sound speed) are required
for the sound-speed plots, but for plotting only salinities (IDSS = 0), the sound speed deck
may be omitted.

92.6.7 Program SSDSDN Fortran Source Listing

PrOGRAY SSNSDM

PRAGRAY Q0 PLOT EITHER DEPTH VS, SOUNN SPFFD NR DEPTH VS,

AVE, SALINITY OR ROIHe FOR REPDORTs SIX SOUND SPEED AND THREE
SAlLINITY PLOTS TO A PAGE, WRITTEN FOR 0P, 74 = Do NUTTILE
DIMENSTON ﬂPT(?Q())obS(QOo).DPH(]0730)95AL(1{),3n)’SSA(IOoB{))’SSB(ln
1930)4X(900)4Y(900) oL TARRAY (256)
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CALL PLOTS(PLTARRAY254410)

READ Z241D8S,TOSLoNGH 4yNPLeVMIN9VMAX, DMAXODQMAX SMINgSMAX e XAXyYAX
108S oLLEe n THEN NO SOUND SPEED PLOTS

10SL oL Fe 0 THEN NO DEPTH SALINTITY PLOTS

NGP = NOe OF LAST GROUP

VMTN = MIN, S. SPEEUL VMAX = MAX. S. SPEED
DHaX = MAX, DEPTH D=5S PLOT DSMAX = MAX, DEPTH D=SAL PLOT
SMIN = MIN, SAL. SMAX = MAX. SAlL.

XeX = 1 ENGTH QF X=axIS INCAS YAX = LENGTH OF Y=AXIS INCHES
FURMAT (1Xe2T)1 9129 1Xe]242X96F10s202F5.2)
IF(EOF+60)100+3 ’

VFAC=XAX/ (VMAX=VYMIN)
DFAC=YAX/DMAX

SFAC=XAX/ (SMAX=SMIN)
DSFAC=(p.nRYAK) /DSMAX

T1ir7=0

IOMAX=IMAX

T SMAX=DSMAX

T«MIN=UMIN

ITuymMaAX=vMAX

ISMIN=SMIN

ISMAX=SMAX

TYAX=2.O&YAX

ACNF=zXAX=0,1

DO 4 J=zlel10

Do 8§ Ji=1430

D“H(JQJJ):-QQ-O

CONTINUE

CONTINIF

N=1

READ 8.1GsINHISPAsSPByASAL
FORMAT (1XeT4 95X g I503XeFTely3XgFTe2e3X9FT,2)
IF(IG.LE«NIGD TO 9
D-H(TGaN)=INH

SSA(IG,N)=SPA

SSR(IG.N)=SPB

SAL (IG«N)=pSAL

N=N+]

14G6=16

Go 10 7

IFI{IGG.GENGP)GO TO 10

G 70 &

IF(IDSSLLF.N)GD TO “0

CalLL PIOT(0e(95400=3)

Nir=]

READ 134NOMy Ny THRIMINGIGS» ICOF
FORMAT(1XeT39160TXe1201X9T12e56XeI2+41X011)
IF(EDF+aD) 45914

N=1Y

Nnv=Ne &

READ 174(DPT(I)¢SS(1)eI=NeNN)
FORMAT (5(2F8.2))

IF(SS(N) aLFa0»0)GO 10 18

N=NNe T

69 T0 18
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18 Niz=Ne]
N=NNeg
DO 19 JYJI=NINN
IF(SS(JJJ) 4LEeD.O0)BU TO 20
Ja=JdJJ
19 COMTINYFE
20 CoLL PLOT(04090,092)
CaLL PLOT(XAXs0.091)
CALL PLOT(XAXeYAX91)
CalLlL PLOT(0.09YAXs1)
CALL PLOT(0a09040091)
IF(NP.GTQI)GO 70 21
CELL NIIMRER(=eB9=e009s129 IDMAXs0e092HI4)
ALAR=(YAX/240)=eé5
CalLl. SYMBOL (=+189ALABs+1299HDEPTH (M) 990,40,9)
ALAB:YAX“QO6
CiLL NUMBER(=e¢199ALAB4129IDZ90.092HI)
ALAR=YaAX+,12 '
Cal.L NIMBER(=e199ALABs 4129 IYyMINGDe0e2HTS)
AL AR (XAX/240)=eB6
BLAR=YAX+,17
Cal L SYMBOL (ALABsBLAB+]129]7HSOUND SPEED (M/S)e0e0017)
AlLAB=XAX=,10
CALL NiMBFR(ALARBLARs 129 IVMAX90e092HIS)
21 DO 22 .=leJJ
IE(DPH(J) «6ToDMAX)GU TO 23
X(J)Y=(SS(J)=VMIN) #VF AC
Y{J)=(OMAX=DPT (J) ) WUFAC
Ni‘al=‘J
22 COMTINUF
23 CsLL LTNE(XeYeNNsloleenN3IsNPL)
ITME= (THR#100) «MIN
C4alL NUUMBER(e29e1902129JD9s0,092H13)
CALL NUMBER(¢6990l9e129ITMEyDoN92HIA)
CrLL SYMBOL(1el09eloal- 9lHZe0a0,1)
IF(TCOF LT.1)CALL SYMBOL(ACOFs41901291190,09=1)
J=n
N '=q
24 J=J+y
IF (DPH(IGSeJ) «GT«DMAX)IGO TO 25
X())=(SSA(IGSsJ) =VMIN) #VFAC
Y( D =(nMAX=DPH(IGSsJ) ) ¥DFAC
YW
GO TO »4
25 CALL LTME(XsYoNNyle=1l9e01l09l)
DN 2 =1eNN
X()) =(ggRIIGGsJ) =VMIN) #YFAC
Y1) = (NMAX=DPH(IGS*J) ) *DFAC
26 CONTIVIE
CollL LINE(XsYsNNgloe=)ve019l)
IF(NP,FQ.3)GD TO 27
IF (NPL.o0.4)GD TO 28
NP=NP+1
IFINPLLE«3YCALL PLOI(XAX954Nn9=3)
IF (NPT CALL PLOI(XAX92409=3)
GO TO 12

68



27

rd>

45

R4

56
=7

S8

NRL REPORT 7993

XX=P2408XAX

NP =hPe -

Cull PILOT(=XXop,09~3)

G To 1?2

XA=XAX+4,4D

Calll. PrOT(xXe0,09=3)

Cul.l. SrACEONN

G 70 11

IF NP ol Tol) XENDS (XAX¥ (4 40=FLOAT(NP))) 44,40
IF(NPoGBE 4)XEND=(XAA® (7, 0=FLOAT(NP))) 4440
Cull PLOT(XEND9NeO9=3)

CALL SpACEND

IF(IDSLLE.MGD TO &

N&=)

N =1

CrLL PLOT(NeD92400=3)

CaLl. PLOT(XAX90.092)

CrLL PLOT{XAXeTYAXs1)

CalLL PLOT(0.0sTYAXs 1)

CalL PLOT(NaDs04091)

IF(NPenTe1)GD TO 5a

CAlL NIMBER(=e5y=e 0694129 IDSMAX0a092HTG)
ALAB=(TYAX/240) =e45

Crt.l. SYMROI {(=alReALABY+1299HDERPTH (M) 99040 49)
ALAR:TYAX‘O“‘.’

CALL NUMBER(=al199ALARBs«129IDZ90,092HIY)
ALAR=TYAX+,12

CALL NUMBER(=a009ALARs 4129 ISMINGOe092HI2)
ALAB=(XAX/240)=e96

RLAR=TYAX+,17

CaLL SYMBOL(ALABBLABs«12919HAVES SALINITY (PPT)9nens19)
ALAR=XaX=~,0g

BLAR=TYAX+.12

CaLL NiIMBER(ALARBLAB9 2129 1SMAX,0e0,42H]I2)
IF(DPHI(NSs1) eLT+0+0)60 TO 55

G TO =g

NS=NS+

IFINSst FoNGPIGD TO w4

GH TO 79

Nrj=1

IF(NPHINSeNN) e LTa0ett) GO TO 58
IF(DPHINSsNN) « 3T«DSMAX)IGO TO 58

X{NN) = (SAL (NSeNN)=SmIN) #SFAC

Y (NN) = (DSMAX«DPH (NSeNN) ) #DSFAC

Nivj= NN+

Gy 1O =7

NidzNNw

CALL LINE(XeYaNNsls=19.0190)

CAlLL SYMBOL (e29419¢1299HGHRIUP NDe90e0149)
CalLL N MBER(1e2349419,12eNg90,0,2HIY)
NiP=NP ¢ 1

NS=NS+)

Call PLOT(XAX90409=3)

IF (NS.GT.NGP)YGD TO 75

IF{NP+GT«3)GD TO S9

60 TO =2
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59 CALL PLOT (440904009 "=3)
CALL SeaCEOOD’
Gu TO &1
75 XEND=z (XAX# (4e0=FLOAT (NP)))+440
CALL PLOT{XENDygepo=3)
CALL SeacCEon
GO To 1
100 CALL SPACFONO
Call. STOPPLOT
Ewn

2.6.8 Sample Output — Program SSDSDN has the following outputs.

1. Plots of depth (ordinate) vs sound speed (abscissa); six plots to a page, shown in
Fig. 17. The size of the plot is determined by the input parameters (Sec. 2.6.6); each plot
has three separate traces, the calculated sound speed (m/s) denoted with a symbol, and the
upper and lower standard deviation from the mean archival sound speed. Only the first
plot on the top left is labeled. Plots run top left to right, then bottom left to right. Any
plot designated as questionable will be marked with an asterisk on the bottom right side.

1450 SOUND SPEED M/5) 1550

0
129 03( 128 23( 128 1B3C
2000
( ) ( )K

Fig. 17 — Calcomp plots of six sound-speed profiles. Asterisk denotes
a profile produced from doubtful temperature profile.

OEPTH M

129 223 131 230

Legend on bottom left of each plot:
Julian day and time Z (example: 129 1030Z)
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2. Plots of depth (ordinate) vs average archival salinity (abscissa); three plots to a
page, shown in Fig. 18. The dimensions of the plot are determined by the input parameters
(Sec. 2.6.6), (XAX by 2 YAX). Only the leftmost plot is labeled.

32 RAVE. SALINITY (PPT) 3
o

DEPTH (M

GROUP NG, ‘GROUP NO. P GROUP NO. B

2500
Fig. 18 — Calcomp plot of three salinity profiles

Legend on bottom left of each plot:
GROUP NO. #*#* (salinity group number)

All plots are made on a 10-in. plotter.

3.0 CONCLUSION

It has been the intent of this report to present a series of programs and procedures
that process depth vs temperature data. These programs are organized into a data flow
system with advantages of speed, accuracy, and flexibility. The programs were planned
to run concurrently with an experiment from the planning phase, where the archival data
and charts can be used, to the reduction of temperature data to sound speeds for use in
acoustic predictions and calculations. This system, now being used by the Naval Research
Laboratory, gives consistently good results.
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